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enlarge on the literary abilities 

1 of the illuſtrious Author of the 
following Work would be unneceſſary: 
an aſſemblage of philoſophical- qualifica - 
tions, very rarely found united in one per- 
ſon, has long ſince ſufficiently eſtabliſhed 
his reputation, But among the many en- 
dowments of this great philoſopher, none 
is more conſpicuous than the anxious cons 
cern he every where diſcovers for the ads 
vancement of human happineſs, and the 
earneſtneſs with which he applies the great 
powers of his mind to ſuch points as may 
be immediately applicable to the u 
. e 
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vi TRANSLATOR's PREFACE, 


life. He Alpa barren and ai 
ſpeculation; he conſiders ſcience as defi- 


rable only ſo far as it 1s beneficial; and 


proves himſelf, upon every occaſion, not 
only the Teacher, but the Friend of man- 


7 


| Works like thoſe of Mr Bergman ſhould 


have an univerſal circulation; they are 
written not to the ſcholar alone, but to 


the artiſt, to the manufacturer, and to the 
world in general. In preſenting the fol- 
lowing pages, therefore, to the Engliſh _ 


Reader, the Tranſlator flatters himſelf he is 


acting in perfect conformity with the ſen- 


timents of the Author, and the duty which, 
as an individual, he owes ta the commu- 


_ | e e 
\ 

As the Author writes chiefly to thoſs 
n in chemiſtry; and as it re- 
quires more than a moderate acquaintance 
with ſome of the lateſt diſcoveries, to be 
able to fallow him through the whole of 
the Work; it has been judged neceſlary to 
add a few explanatory notes, ſuch as may 
pender the book uſeful to thoſe who are 

. 0 only 


 TRANSLATOR's PREFACE, vil. 


ſcience. An Appendix is accordingly ſub- 


no means neceſſary to the accompliſhed 


and experienced chemiſt, will, it is hoped, 


prove cenſiderably uſeful to the general 


run of readers, and thoſe who are but 
| moderately ſkilled in the knowledge of the 


chemical principles and art. 


Mr Bergman, in his experiments, has 
employed the Swediſh thermometer : and 


it has not been thought expedient to re- 


| duce the temperatures, ſo aſcertained, to 


Fahrenheit's ſcale in the body of the Work, 


| becauſe the degrees upon the Swediſh ther- 


mometer are not reducible to integral 


numbers upon that of Fahrenheit; but, 
for the accommodation of ſuch as chuſe 


to compare them, a plate is inſerted, con- 


taining the Swediſh and the French ther- 


mometers, together with that of Fahren 


heit, which is at preſent univerſally em- = 


ployed in England, 
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The Swediſh meaſures being alſo ſo ad- 
juſted that they are not reducible exactly 
" to 
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to thoſe of England, have been ſuffered to 
ſtand as in the orginal; but a table is 
given, which contains theſe 
meaſures accurately reduced. 
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ADVERTISEMENT, 


(THE great diftance of the Tranſlator abliond 
the publiſher to call in the aſſiſtance of an« 4 


other penſon to ſuporintend the preſs. That 
HPerſon, being unacquainted with the tranſlator's 
OL, deſign of adding annotations at the end of the 
volumes, was induced to add a few: inconſider- 
able obſervations, ſuch as his recolleion could 
furniſh, during an haſty peruſal. of the MS. 
He, moreover, thought, that the addition of M. 
De Morveau's notes would be acceptable to the 
Engliſh reader. He accordingly has ſelected 
uch as afford any new views of the facts rela- 
tea by the Author, or ſupply any experiment by 
| which the text is illuſtrated. He has omit- * 
ted ſeveral that did not ſeem to contain muck. 
uſeful information. That no blanie might be im- 
puted to the Tranſlator, on account of theſe ad- 
ditions he has been careful to diſtin gui/b thoſe 
of "M. de Morveau by his name his — the N 
letter B. Thoſe marked C. belong to the Tranſ= 
lator ; who has been obliged, on account of ſome. | 1 
- domeſtic interruption, to defer the greater part | . 
| of this remarks to the end of the ſecond volume;  - »\ 
which will appear without delay, Thie thor | 1 
notes and references are Wien a . 
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| F E geat difficulty attending the inveſli:- 
gation of truth, muſt be known to every 
man who has ever ſeriouſly attempted it. Ino. 


lutam veritatem in alto latere, was long ſince ob⸗ 
ſerved by the experienced Seneca. Re 
With reſpe& to ſuch hiſtorical facts as are re: 
mote from our times, modern ſcepticiſm fre- 
' quently exceeds all bounds, and determines ar- 
bitrarily what are to be conſidered as fiftionsz 
what as miſrepreſentations, and what as omiſ- 
ſions. But we ſhall ſoon ceaſe to wonder at 


this; for if we undertake, on the faith of others, 


to explore facts, which, even with reſpe& both 
to time and place, are at hand, and almoſt un- 
der our immediate inſpection, (eſpecially it we 
wiſh to learn the cauſes, motives, and connec- 
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4 88 tions of actions and circumſtances), we are of- 
— - 10 ten confounded by the moſt contradictory nar- 
rations, inſomuch that we have occaſion for op- 
8 pPoöortunity and laborious ſtudy, muſt diveſt our- 
1. ſelves of preconceived opinions, and be unbi- 
aſſed by any intereſted motives, in order to ſolve 
a number of difficulties, which owe their origin 
partly to ignorance, partly to negligence, and 
not unfrequently to deliberate malice. Should 
a number of hiſtorians even agree concerning 
a fact, yet the different deſcriptions of it will, to 
a certain degree, exhibit the charaQers of the 
reſpeQive authors: — Thus, while one relates an 
action with the moſt extravagant encomiums, 
another will detract from its real merit—a third, 
by ſome oblique inſinuation, caſt ſuſpicion upon 
the motive of it—and a fourth repreſent it as a 
crime of the blackeſt dye. But to quit this line 
of inquiry.—lt may be expected that we ſhould 
find things otherwiſe in phyſics, and that, though 
> | we may not be able to dive into the thoughts of 
men, the phznomena exhibited by nature would 
be liable to no ſuch ambiguity. 
So indeed it might ſeem, did not daily expe . 
rience fully evince the contrary. Among the 
moſt celebrated expounders of nature, how 
- | many diviſions have there been ? how many 
25 ſchiſms ? and what numbers do we nd 'pring- 
6 eo ing up every 275 ? 


But 


"OF BRUT Hamill 
But when we examine theſe diſputes more 
minutely, we ſhall find that they relate not ſo 
much to facts, as to explanations. The labour 
of the natural philoſopher is chiefly employed in 
endeavouring to diſcover the means and the me- 
thods made uſe of by Nature in her operations, 

(that is, cauſes and their connections), and from 
thence to form what is called a theory; and 

upon this point has ariſen wonderful diſſenſion. 

Des Cartes, aſſuming matter and motion, and 
thus beginning ab ovo, conſtructs the world, 

imagines certain forms and affections of bodies, 
and, led away by a ſublime imagination, con- 
nects and demonſtrates. mechanically, a priori, 
every phænomenon and every operation. A 
ſtupendous work indeed, were it but conform- 
able to the ſyſtem of nature, which it under - 
takes to explain; but, upon compariſon, ſo 
great a diſagreement appears, that in circum- 
ſtances where, according to the principles of the 
inventor, the moſt powerful cauſe is operating, 
there, in reality, is the ſmalleſt effect produced; 
and reciprocally. This whole imaginary ſtruc- 
ture, therefore, being veared without nga. 
tion, has neceſſarily fallen to ruin. 

The immortal Newton next appeared. This 
illuſtrious perſonage, rendered cautious by the 
failure of his raſh. predeceſſor, acknowledges 
that a conception of the theory of creation ex- 
ceeds human powers: He therefore follows the 

0 2 - _ _ — inverſe. 
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inverſe method. He firſt ſolicitouſſy colleQs 
facts; theſe he examines with accuracy, and 
compares with acuteneſs : Hence he deduces the 
laws of nature, and, from effects well eſtabliſh- 
ed, he infers their cauſes. Thus he proceeds, 
more flowly indeed, but more ſecurely ; and 
though his method be tedious, yet it is conti- 
nually leading to further diſcovery. An edifice 
like this, built on a ſolid foundation, becomes 
the more firm the higher it is raiſed. = 
Although, at preſent, it is univerſally agreed, 
that nothing is known concerning bodies à pri- 
ori, but that their nature and different proper- 
ties muſt be diſcovered 2 poſteriori, by obſerva- 
tion and experiment; nevertheleſs, in practice, 
there are ſtill not a few who, if not publicly, at 
| leaſt privately, incline to Carteſianiſm. 1 call 
it Carteſianiſm, not becauſe that method of rea- 
ſoning was invented by Des Cartes, (for in the 
moſt remote periods of time, there have been 
philoſophers who, confiding too much in their 
own ſtrength, have expected to be able to diſ- 
cover the nature of things by abſtract medita- 
tion); but I employ the names of Des Cartes 
and Newton as affording the moſt ſtriking ex- 


5 amples of the different methods of Philoſophi- 


zing. | 
I have ſaid, that a tendency to Cartefianiſm 
ſtill ſubſiſts; and, upon attentive conſideration, 
it will not appear wonderful that the human 
| mind 


— 
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mind ſhould delight to indulge in this method ; 
for, on the one hand, the way of experiment is 
expenſive, troubleſome, and tedious. All minds, 
therefore, are not capable of enduring it : Many 
are without the proper inſtruments ; others want 
the neceſſary dexterity ; but the moſt univerſal 
defect is that of patience and perſeverance ; ſo 
that if the experiment does not at once ſucceed, | 
it is abandoned in diſguſt. Man, in his ordi- 
nary ſtate, ſeems by nature prone to indolence. 
On the other hand, the contemplative method 
favours the deſire of knowledge; by pretending 
to unlock the ſecrets of nature with eaſe and 
expedition, it ſoothes the natural rage of ex- 
plaining all things; and, by ſuppoſing every 
thing acceſſible to the human intellect, admini- 
ſters pleaſing flattery to vanity and arrogance. 
At preſent, however, the neceſſity of experi- 
ment appears ſo obvious, that no one can deny 
it, without expoſing himſelf to ridicule. It is 
therefore acknowledged, but with a tacit limita- 
tion. A number of experiments, made during 
a ſucceſſion of ages, is collected; and an accu- 
Tate and attentive contention of them is 
thought ſufficient to unravel the chain of cauſes. 
Thus a philoſopher at his table, ſurrounded 
with books, undertakes to penetrate the arcana 
of nature, and to deal out truths as if by inſpi- 
ration; and, without a laboratory, without a 
ſuitable apparatus, without expence, trouble, or 
84 danger, 
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danger, pronounces concerning ſubſtances, 
which, far from examining as he ſhould, he 
has never ſo much as ſeen. Nor has this in- 
vention even the recommendation of novelty ; 
for, many ages fince, Ariſtotle eſtabliſhed expe- 
riment and reaſoning as the two foundations of 
natural philoſophy ; but by means of the latter 
he miſerably corrupted the former. In this 
way, at preſent, the purity of truth is corrupted 
by preconceived opinions concerning the geneſis 
and metamorphoſis of matter. —Opinions ſuch 
as theſe, if modeſtly and candidly propoſed as 
__ conjectures, might be uſeful, by giving occaſion 
to new experiments; but are of the moſt per- 
nicious tendency when obtruded as axioms; 
when they wreſt ſuch experiments as contradict 
them to a conſtrained agreement; or, if that 
£ cannot be done, impugn the truth of the expe- 
_ riments, Another evil has originated from fa. 
vourite hypotheſes, namely, experiments muti- 
lated, and not to be relied on. He who is go- 
verned by preconceived opinion, may be confi- 
dered as a perſon viewing objects through co- 
loured glaſſes, each aſſuming a tinge ſimilar to 
that of the glaſs employed. The lighteſt and 
moſt vague fimilitudes, if agreeable to the ſy- : 
ſtem, are ſufficient, nay, afford arguments of the 
greateſt weight; while differences of the moſt 
ſtriking nature are diſregarded as altogether nu- 
atory. g 6 
* The 
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The time which is employed in diſcuſing - 
theſe trifles, would ſurely be better applied in 


experiment and obſervation; a labour by which 
truth may be made to ſhine forth in full luſtre, 


and due honour be given to ſcience, which now 


(tarniſhed by contradictions and diſſenſions) is, 
if not totally deſpiſed, at leaſt ſpotted: ih _ 
who. are incapable of deep i inquiry. 


Add to this, that, even in natural vhilofighy, - 


the turbulent paſſions of the mind are not al- 
ways idle: Sad experience has ſhewn us the 


moſt beautiful inventions brought into con- 
tempt, and the higheſt merit blaſted, by malig- 
nant clamour. But our buſineſs is not with 
thoſe who are wilfully blind to truth; to argue 


| with ſuch would be to tell tales to the deaf. 
Since then truth is, or at leaſt ought to be, 


the end of every inveſtigation, to obtain this end 


with eaſe and expedition Hoc opus, hic labor, — 
I think it therefore neceſſary, at the beginning 
of this Collection of Eſſays, to explain to the 


reader the principal rules which, in the progreſs 
of them, 1 laid down for myſelf. In the exa- 
mination of any body, two circumſtances are 
chiefly to be conſidered, namely, the compoſition 


of that hedy, and the explanation of phanomena.— 
Theſe two we ſhdll conſider ſeparately. 


I. (a) In inveſtigating the principles of a body, | 
we- muſt not judge of them from a ſlight agreement 


b other known bodies, but they my/t be ſepara- 
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ed direftl by analyſis, and that analyſe org be 


© ponfirmed by ſyntheſis. . 
: It is well known that bodies, by compoſition, | 
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; ' cquire new properties, which did not appear in 

any of the component parts ſeparately ; and, on 

_ ze | the contrary, ſome of the original properties de- 

' we cap, or even diſappear: Hence it appears how 
i 3 little analogy is to be truſted to. 


Thus, although terra ponderoſa and magneſia | 


_ agree with lime in this particular, that, when | | 

united with aerial acid, they efferveſce with | 
: other acids; and that, when it is expelled, they 
FP become cauſtic, we are not hence to- conclude 

* that lime is contained in thoſe ſubſtances. This 
5 analogy 1s certainly a looſe One, and, when 
5 rightly conſidered, only ſhews that the aerial acid 
5 poſſeſſes the property of uniting with a variety 
Fo of ſubſtances, and that by its preſence cauſlicity 
3 is repreſſed. If we were to deduce concluſions 
33 f from this analogy, then the alkaline ſalts muſt 
= „„ lime, as they alſo efferveſce with acids, 
+ WP NPE IDs and, in ſimilar circumſtances, exhibit a much 
WIE > SY greater degree of cauſticity. | 


The hiſtory: of the learned world ſhews us the 
5 abſurd arguments which were formerly made 
7 uſe of agajnſt the exiſtence of the foſſile alkali, | 
which is now acknowledged by every one to 
exiſt diſtinct from the vegetable alkali, inaſmuch 
as, when combined with the acids, it never fails 
. produce ſalts of a different ſort. In the ſame 
manner 
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manner terra ponderoſa and magneſia, | with a- 
_ cids, yield falts very different from thoſe pro- 


dauced by lime with the ſame acids: We may 


| argon conclude theſe to he diſtin 1 
That W 3 contain a 5 Cents” 

changed, I will readily acknowledge, as foon as 
lime can be extracted from them, or they can 
be converted into lime. Conjectures the molt 
plauſible are yet at a diſtance from truth, and, 
upon cloſe examination, are 1 nad 
altogether repugnant to it. 

What has now been ſaid holds, mutatis mutan- 
dis, of aerial acid and the acid of ſugar ; as allo. 
of nickel, cobalt, and manganeſe. 5 

In general, any body which differs in proper- 
ties from every other, and can be always had 
ſimilar to itſelf, 1 conſider as a different and di- 
ſtin& body, although it be produced by another 
known body; for properties new and conſtant 
cannot ſpring up, unleſs the primitive be chan- 

ged by the addition or ſubtraction of ſome prin- 
- = in which les it is not the ſame DOE: as 
before. 

(n) A nalyfi ould dach d. u in the 
humid way. 

I do not FLUNG but that che N way may 
een be uſeful, and ought to be employ- 
ed; but, in moſt caſes, fire tends rather to con- 
found than to ſeparate different ſubſtances. 
| Some 
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Some contend that matters extracted by men- 
ſtrua are changed, and that they had exiſted in 


the decompoſed body in a ſtate very different 


from that in which they are found after the de- 


compoſition; but, let us not reſt upon vague 


aſſertion; let us inquire into the truth by expe- 
riment, and our doubts will ſoon vaniſh :;—Let 
us diſſolve a given quantity of pure chalk in 
marine acid ; let this again be precipitated by a 


fixed alkali; and if this alkali be mild, the 


chalk is recovered entirely ſimilar to. itſelf in 
properties and in weight: But, if the alkali em- 
ployed be cauſtic, not more than half the weight 
is obtained, and the precipitate agrees with lime 
burned and flacked ; for it is ſoluble in water, 


and raiſes no efferveſcence in acids. This ex- 
periment, if repeated an hundred times with the 


ſame chalk, will always afford the ſame product. 
The ſame thing is true of terra ponderoſa and 


magneſia, and alſo pure clay, of which the 
weight, however, is ſcarce ſenſibly altered by a 
difference in the precipitant. The ſame holds 


in the other acids. Let us now diſſolve ſome 


metal, precipitate with a fixed alkali, and we 


ſhall have a calx of that metal; but, if we pre- 
cipitate with another metal, we ſhall recover the 
diſſolved metal itſelf, only very minutely divi- 
ded. Mild alkali, 'in certain caſes, produces a 
much heavier calx than the cauſtic, namely, 
when the calx abſorbs the aerial acid: Beſides, 
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che different acids occaſion, i in this 1 no 4 5 
difference than a greater or leſs privation of 
phlogiſton. "Theſe things, of which no one con- 
verſant in chemiſtry is ignorant, being ; 
let us ſuppoſe either lime, magneſia, clay, or 
iron, extracted by any acid menſtruum; I aſk, 
can we reaſonably doubt whether theſe ſub- 
ſtances actually exiſted in the body ſubje&ed to 
the experiment, or not? From the qualities of 
the integrant body, it will eaſily be judged whe- 
ther theſe have entered into its ſtructure, mild 
or cauſtic ; in the form of a l or in chat of 
a metal, = | 

Upon this 1 1 muſt mention the ihve- 
terate error concerning the origin of vegetable 
alkali by fire. The filly and abſurd reaſons on 
which they denied the prior exiſtence of that 
falt, may now be retorted upon the authors. 

(e) Such experiments ſhould be ere as are 

adapted to the diſcovery of truth.” _ 

Light is thrown upon a ſubje& not . the 
multitude, but by the quality of experiments : 
Moſt commonly many different points are to be 
illuſtrated, and then the experiments ſhould be 
varied according to circumſtances, ſo as clearly 

: to aſcertain the point in queſtion. 
For example, in examining the mineral fluor, 
one queſtion ariſes concerning the acid inhering 
in it, another concerning the baſis. To obtain 
the firſt, pure vitriolic — muſt be applied i in 
lels 


. 
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leſs quantity than is ſufficient to expel it all, and 
a a degree of heat applied leſs than what is ſuffi- 
cient to volatilize the vitriolic acid. In exami- 
ning the baſe, the fire muſt be more intenſe, 
and a large quantity of vitriolic acid poured on, 
that no part may eſcape its action, which, mix- 
ed with the baſe, might obſcure its true nature : 
Thus, unleſs the operations and the means be 
adapted to the end propoſed, we only every * 
accumulate miſtakes. 

(o) Experiments food be made with the umof 


Palſible accuracy. 
Experiments which are only careleſsly and 


ſlightly obſerved, frequently either do not illu- 


ſtrate the truth, or eſtabliſh errors. By weight, 


by meaſure, and other fit means, all the princi- 


pal El gg gs ſhould be ſettled, and all the 
phænomena carefully obſerved. With reſpect to 


facts, indeed, which are collected by experiment, 


no diſpute can ariſe, as they may at pleaſure be 
appealed. to, and conſidered in every point of 


view with ſufficient care. The caſe is otherwiſe 


with thoſe circumſtances which depend ſolely 
upon the operations of nature; for theſe, if the 
fit time be neglected, do not again occur, but ac- 
cidentally, or perhaps after an interval of years. 
„ Fronte capillata, poſt eſt occaſio calva.“ In 
many caſes, however, imitation N be able to 


diminiſh that interval. 


I am 
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I am almoſt aſhamed to relate, that I knew a 
chemiſt who conſidered thermometers, and ſuch 


inſtruments, as -phyſical ſubtleties, ſuperfluous 
and unneceflary in a laboratory. It is beyond 


a doubt, that the moſt minute circumſtances 


have their efficient cauſes ; and theſe cauſes, for 


the moſt part, are ſo interwoven with the more 


powerful ones, and fo moderate their eficacy, 


that, without the former, the whole effect can- 
not be appreciated. In natural philoſophy, no 
obſervations are trivial, no truths inſignificant. 


That which to us is barren, is often ſo for this 


reaſon only, that we do not ſufficiently know, 


nor ſufficiently examine it. How many millions 


had uſeleſsly beheld the falling of a pear ; yet, 


to Newton, this moſt common of all phænomena 


ſuggeſted the theory of gravitation. _ 
(z) The experiments of others, particularly the 


more remarkable ones, ſhould be candidly reviewed. 


We ſhould never diſtruſt the experiments of 


authors of credit; but I hold it uſeful to have 


new inventions confirmed by many witneſſes in 


different e which opens a wide field to in- 


duſtry. 
It muſt be confelſed, that many ks i occur 


which are more clearly and better underſtood 


by being ſeen, than by the moſt exact deſcrip- 


tion. In repeating any of Margraaf's experi- 
ments, I never entertained even the ſmalleſt 
doubt of the event. The accuracy, the dexte- 


rity, 
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rity, and ſound reaſoning of that chemiſt are 
known to every one inſtructed in theſe matters; 
nevertheleſs, I have repeated many of them, not 
without advantage. He who, at his deſk, me- 


ditates on the ſaccharine acid, readily concludes 
it to be ſugar diſſolved in the nitrous acid, and 
afterwards cryſtallized; but, better inſtructed 


on making the experiment, he changes his opi- 


nion, and learns not to give judgment r 


upon the experiments of others. 


One thing particularly neceſſary is . 
in obſerving with equal eye thoſe facts which 
controvert our opinions, and thoſe which favour 
them. It is well obſerved by the celebrated 
Morveau, that we never profit more than by 
thoſe unexpected events of experiments which 
contradict our analogies and theories: It often 
happens, however, that he who ſees the better, 
follows the worſe. Thus he who denies that 
the earth of vegetables, ſeparately taken, is not 
a compound body, yet grants that a part of it is 
ſoluble in acids, confutes himſelf with his own 
argument; for, of an homogeneous maſs, either 
the whole or none muſt be taken up. 


II. The phaznomena of a body, either conſi- 
dered by itſelf, or in reference to other bodies, 
have their foundation either in the body itſelf, 
or in external circumſtances. The explanation 
of theſe, then, muſt be be ſought for,—* bene ſcire, 


ws 7; 


Oo TRUTH mw 


«et per cauſas ſcire.” Theſe being rightly. 
known, the nature and properties are clearly 
underſtood, and may be moulded to our wiſh. 
The greateſt care, however, muſt be taken not 
to embrace falſehood for truth therefore, 

(4A) In the inveſtigation of cauſes, we muſt begin 
by phenomena ſufficiently varied, and well obſer- 
ved] and proceed in order, from proximate cauſes 
to the more remots. 9, 

The quantity and quality of a cauſe are to be 
judged from its effect; hence the better that is 


known, the more nearly can thoſe be deter- 
mined. This way is extremely laborious and 


troubleſome, and, beſides, very tedious; inſo- 


much that we are often found to confeſs the 


cauſe of this or that phænomenon to be yet un- 
known: But the laws by which a cauſe is go- 
verned in its operations, being once eſtabliſned, 


we are at liberty, in many caſes, to aſſume the 


cauſe, as if known; and I had rather, with 
Newton, ingenuouſly confeſs my ignorance, and 
know few things, but theſe certain and deter- 
minate, than, with Des Cartes, explain every 
thing upon forged. or falſe principles. Cicero 


long fince ſaid, © præſtat nature voce doceri 


„quam ingenio ſuo ſapere.”” 

By how trifling an appearance, if it be a 
pleaſing one, we may be deceived, the following 
example will ſhew :—It is known, that lime, 
well burned, has loſt the property of effervel- 
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cence with acids. This phenomenon is trouble. . 
ſome to many who deny the exiſtence of aerial 


acid. At length, however, / an evaſive expedi- 


ent was ſuppoſed to be diſcovered, namely, if 


durned lime be put into highly concentrated 
acids, a viſible efferveſcence is ſaid to take place, 


which, when the acids are weak, cannot be ſeen, 


as the ſubſtance, being dried by the fire, readily 


abſorbg them. In order to clear up this miſtake, 
it is only neceſſary to obſerve the phænomena 
with accuracy :—Let a ſmall glaſs veſſel be fil- 
led with nitrous acid, throw into it a piece of 
chalk, immediately innumerable bubbles are 


emitted from its whole ſurface, which continue 


while a ſingle particle remains viſible ; during 
this violent agitation a thermometer, dipped in- 
to the glaſs, ſhews not the ſlighteſt alteration of 


Or 


(a)] M. Morveau, in a note, which I have tranſlated 
(ſee p. 38), truly obſerves, that when chalk is diſſolved 
in a concentrated acid, heat is produced. The author 


himſelf (Opec. vol. iii. p. 64.) ſays, that calcareous 


earth, while it was diſſolving in nitrous acid, raiſed the 
liquor in the 8Swediſh thermometer from + 1 to + 200%, 
and lime, not flacked, from + 14 to + 84% He at- 

' tributes the miſtake in the text to his having made the 
experiment with too ſmall a quantity of materials, and 
having employed a thermometer not fufficiently ſen- 


/ 
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or concentrated, the ſame phenomena occur, 
Let now the experiment be ren * in- - 
Nei- I. N (2 92 EE * ö ſtead 


© 


=> Tn he ame note, M. Morveau gives an explanation, 
undoubtedly erroneous, as I have there obſerved, of the 
heat and cold produced in chemical experiments. Sir 
T. Bergman has aſſigned the true theory in his third 
volume; He has deduced it from the different quan- 
tity of /pecific fire, or, actording to his mode of expreſs 
ſion, of matter of heat, contained in different ſubſtances + 
e, The menſtruum,” ſays he, & deſtroys the preſent 
| aggregation of particles, and a new compound is forms 
ed, which ſometimes fixes a greater quantity of the 
matter of heat than the former compound; in this 
caſe, in order to reſtore the equilibrium, the heat in 
the contiguous bodies muſt undergo a diminution, and 
the liquor in the thermometer will of courſe deſcend : 
Tf the new compound fixes a ſmaller quantity of the 
matter of heat, the ſurplus will be let looſe, and flow 
into the contiguous bodies: When the quantity of heat 
. is the ſame in both compounds, (which ſeldom hap- 
pens), the thermometer will not be at all affected.“ 
Mr Kirwan has lately given nearly the ſame explana- 
tion of theſe phznomena, in the Philoſophical Trans 
, ſaQtions. Evaporation mult be taken into the account: 

. Wherefore, in the laſt caſe ſuppoſed by Profeſſor Berg- 
man, the liquor in the thermometer muſt fall a little. 
Mr Kirwan, if my memory does not fail me, intimates 

this circumſtance, but does not expreſsly mention it 
Profeſſor Bergman, I think, in more paſſages . 
one, obſerves, that the great difference of heat in a 
folution of 'aerated and cauſtic: calcareous earth, is a 
proof that this earth, when it yields its air, fixes 4 
| WS. 


% 
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ſtead of crude chalk, let an equal piece, well 
burned, be uſed : Let the acid be diluted, and, 
at firſt, a very few bubbles appear, but ſoon 
fall; beſides, in this caſe, a conſiderable degree 
of heat & * dome bes * than 100. 
If 


quantity of the matter of heat ; but he who refleds how 
much of this aQive fluid muſt be abſorbed by the aerial of 
atid, as it paſſes from its ſolid to its fluid form, will 


_ ealily be perſuaded that this conſideration will explain 


much of the difference. The ſpecific fire in the com- 
a pound of nitrous acid and calcareous earth. | is, doubt- 
leſs, in both caſes equal. 
Thoſe who are acquainted with the uſual 3 ob- 
ſerved in printing books, know that prefaces, prelimi- 
nary diſſertations, &c. paſs through the preſs laſt. This 
circumſtance obliges me to place here an obſervation. 
which refers to page 48. I have there ventured to re- 
both the author's and the French annotator's hy- 
potheſes reſpedting lime too much burned, and to of- 
fer another explanation. Since that note was written, 
the third volume of the Opuſcula has fallen into my 
hands, in which I have found that the author himſelf 
has explained this phznomenon from the very ſame 
ſuppoſition, —* It is moſt probable,” ſays he, that 
a ſtrong heat, ſuddenly applied, and long continued, 
- occaſions a kind of fuſion of many particles lying on 
the ſurface, molecule —fufionis fere more in ambitu coa- 
leſcere incipiant, &c.” The reader may now ſafely re- 
fuſe to admit the author's firſt ſuppoſition, ſince more 
mature conſideration has induced him to reject it hims 
ſelf, B.— But it is now certain that this ſemi-vitrifi-- 
cation was owing to the admixture of argillaceous. 
earth, which is very often contained in lime-ſtone. 


„ OP-PRUTK + -- mas 


If the acid be ſufficiently concentrated (but not 


too much) at firſt, not only. ſmall, but even 


large and numerous bubbles ariſe, which, hows- - 


ever, ſoon die away, and all viſible motion ſtops, 


both in the calcareous maſs and in the acid lis 
quor. In this caſe, however, a very intenſe de- 
gree of heat is generated, which, if the pings be 


large, exceeds 100”, 


From theſe. phenomena, ee conſiders | 
ed, an explanation will eaſily and naturally be 


deduced. In the latter caſe, for inſtance, ſo 
much heat is produced, that the watery parts in 
| contact with the burned chalk boil for ſome 


moments; but when the acid is diluted, only a 
few air-bubbles, which occupied the pores of 
the ſpongy mals, are diſcharged by the expan- 


five power of the beat. In both, however, the 
motion is ſoon at an end. But, with the crude 
chalk, the motion continues until the chalk is 
totally diſſolved: This motion is called effer- 
veſcence, and muſt n. be diſtinguiſhed 
from cbullition. 


() A cauſe, any how indicated by phenomena, . 
may for a while be aſſumed as true ; and from it 


may be deduced the neceſſary conſequences, which, 


being ſeparately examined by ſuitable IN, 


either confirm or overturn the poſition. _ _ 
This method has been often uſed to — 5 
tage in mathematics, and ought to be applied in 
natural philoſophy, as a teſt for the examination 
of 
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of various hypotheſes and conjectures; and we 


muſt confeſs, that a poſition, all the legitimate 


conſequences of which are confirmed by expe- 
riment, may properly be admitted as true. In 
this caſe we have a problem indeterminate, of 
which the unknown 1 are 8 5 wy 
experiment. 

(c) Beſidet, the cauſe ſhould, if poſſible, ſo be 
vompared with the effet?, that the exact relation 
may be diſcovered, even as to quantity. 

By this it will appear whether the cauſe alone 
be adequate to the effect, or whether it has been 
aſſiſted. An inſtance of this kind occurs in the 


: conſideration cf agriculture, where a queſtion 
ariſes concerning the uſe of water in yegetation, 
Finally, I aim at giving denominations to things 


t agreeable to truth as poſſible. ; 


1 am not ignorant that words, like money, 
poſſeſs an ideal value, and that great danger of 
_ confuſion may be apprehended from a change 


of names; in the mean ti 


nied that chemiſtry, like the Nher ſciences, was 


formerly filled with improper hames. In diffe- 


rent branches of knowledge, 


e ſee thoſe mat. 


ters long ſince reformed: Why then ſhould 
_ chemiſtry, which examines the real nature of 


things, ſtill adopt vague names, which ſuggeſt 
falſe ideas, and favour ſtrongly of ignorance and 
. impoſition * ? Beſides, there is no doubt but that 
many corrections may be made without any in- 
: 7 convenience ; 


* 


a 


or RUR ——— 
— walls, inſtead of oil of vitriol, uk | 


ſpirit of vitriol, we uſed the terms concentrated. 


vitriolic acid, and diluted vitriolie acid, I think that 
no one would be thereby either confounded'e ot | 
miſled. 7 

But, in deſcribing new ſubſtances, i it is ld 
fury that names ſhould be conformable to the 
nature of the ſubſfances. Thus, inſtead of fixed 
air, I uſe aerial acid, becauſe that fluid is in its 
nature acid, and not only poſſeſſes the ſubtleneſs 
and elaſticity of air, but either contains pure 
air, or ſome of 'its conſtituent principles ; for 
the pureſt air that can be got, on the acceſſion 
of phlogiſton produced this fluid, (the aerial 
acid); I could not therefore find out a name 
better adapted. Some think that this ſubtile 
acid is the ſame as phlogiſticated vitriolic acid ; 
but whoever has ſeen and compared the two, 
cannot ſeriouſly defend that opinion, 

Let me have permiſſion to mention here an 
obſervation, which ſeems to indicate the preſence 
of phlogiſton in the aerial acid: Pure vitrio- 
lic acid cannot be reſolved into a permanently 
elaſtic fluid ; but, on the addition of phlogiſton, 
an aerial fluid is generated, (totally different 
from. the aerial acid), which is .not condenſed 
by cold, unleſs it touch water (b). The ſame is. 


; () We have now much ſtronger and more dire& 
proofs of this hypotheſis ; and the experience of every 


ME, 
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to be ſaid of the nitrous acid; but the marine 
deid by itſelf is reſolvable into an aerial fluid, 
Now, as this laſt acid contains phlogiſton as a 
proximate principle, as is demonſtrated by ana- 
lytic and ſynthetic experiments, it hence ſeems 
to follow, that the aerial acid contains the prin- 


ciple of inſlammability: I ſay, ſeems to follow, 


for all things which are like wakes are not ame 
fore true. 

Theſe few reſlections it was proper to pre · 
miſe. Let the ſkilful and impartial determine 
with what ſucoeſs I have ſought for truth in the 

following 


day ſeems to add to the number. I ſhall not conkder 
them here; the laſt Eſſay in the third volume will af. 
Ford a more favourable opportunity. I have in con- 
templation ſome experiments calculated to elucidate 
che queſtion : If the reſults ſhall furniſh me with any 
information, I will there lay it before the public. In 
Ade mean time, experimental philoſophers would be 
well employed in analyſing this acid: The ſolution of 
few problems will throw ſo much light upon the the- 
ory of chemiſtry. If the aerial acid ſhall be found to 
"conſiſt of dephlogiſticated air and phlogiſton, Mr 
Scheole's doarine of heat muſt fall to the ground; if 
not, it will be difficult, in the preſent ſtate of chemical 
knowledge, to find arguments ſufficient to overthrow 
it. B.- Mr Scheele's doctrine is now univerſally a- 
bandoned. The compoſition of fixed air, too, is be- 
dome very problematical, ſince it has been diſcovered 
that water conliſts of vital and inflammable air, and 
fince the exiſtence of phlogiſton has been rendered ſs 


gs 
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following eſſays, and whether, as 1-endeavoured 
to avoid het = 1 _ not ber 
7 Malt of tis fie ene fo this d 
5 have already been publiſhed ſeparately; 
but, as the copies were ſoon diſperſed, and, 
moreover, | as ſorhe were written in Swediſh, 
ſome in Latin, and others in French, I have 
_ undertaken, at the inſtance of my friends, and 
more eſpecially ſuch as are foreigners, to collect 
them, and tranflate into the common language 
of the learned, thoſe which were written in other | 
languages. I have not diſpoſed them in the er- 
der of the time in which they were printed; 
but I have rather endeavoured that the preceding 
mould illuſtrate thoſe which follow. I have, 
however, mentioned in a note 1 time of the 
firſt publication of each eſſax. 
In the firſt volume 1 bare irferted hoſe elliye 
which relate to falts; in the ſecond, thoſe which 
refer to mineralogy and metallurgy ſhalt be 
comprized; the third thall contain the doQrine 
of attractions, together with the analyſis of ſome 
organized bodies ; the fourth, various matters 
relative to natural philoſophy and natural hiſto. 
ry; and in the following I will publiſh, if God 
grant me life and trength other chemical el. 
ſays. 
1 fhall be ſatisfied if the following experi- 
ments, which were inſtituted with all the accu- 
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racy and fidelity that cireumſtances would per- 


mit, ſhall not be diſpleaſing to thoſe who, with 


me, ſeriouſly ſeek for truth. Of others, I nei- 
ther deſire the praiſe, - nor fear the cenſure. I 


h ſhall not be ſurpriſed if it ſhall appear that I 
have committed miſtakes ; but I wiſh they may 


be corrected as ſoon as poſſible. I myſelf will 


add, to the following volumes, whatever correc- 
tions or additions more accurate  obſeryation 


mall ſuggeſt to me. Thoſe who ſhall attempt 
to obſcure what is true, will find to their diſ- 
grace, that it will ſhine with greater luſtre. 
Some things which, in one place, are barely 


mentioned, without any proofs being adduced, 


are fully proved elſewhere; for I have been 
anxious to advance nothing raſhly. I therefore 
intreat thoſe who ſhall examine my aſſertions, 


not to reject them haſtily, but to. conſider the 


foundation on which they reſt, 
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e ten I communieated my 


ideas concerning the nature and proper- 
ties of that elaſtic fluid, which, under the title of 
Fixed Air, exerciſes the ſagacity and induſtry 


of the philoſophers and chymiſts of the preſent | 


age, to my foreign correſpondents; among whom 


it is ſufficient to name the celebrated Dr Prieſtly, 
who not only mentions my opinion in the Philo- 


ſophical Tranſactious for the year 1772, but, in 
a new edition of his excellent Obſervations on 


Air, has confirmed it by ſeveral fine experiments. 
The Royal Academy, of Sciences at Stockholm 
have, it is true, inſerted in their Tranſactions for 
the year 1773, a ſhort treatiſe of mine upon that 


ſubje&t. However, a8 the doctrine contained in it 
deſerves the moſt accurate examination, and the 
moſt minute and attentive conſideration, I here re- 


publiſh it, SONNY by. experiments and obler- 


vations. 


— 


Vol. I. ee 


yy 
* 4 k ; 
; hat 
— 
1. R 


a - 


#4 7 4 


| 
| 


or THE AFRIAL ACID. 


81. What is to be 8 by the e, 


60 Fixed Air. " 


For the purpoſe of avoiding Gl Ct ON it is ne- 
ceſſary to begin by explaining certain terms. The 
term * Fixed Air“ has been uſed in two accepta- 
tions, one more extenſive; the other more limit- 
ed; in the former it is taken for every elaſtic 
fluid ſet at liberty during the decompoſition of 
bodies, by whatever means it is extricated, and . 
whatever be its nature. Theſe fluids, however, 


are far from being all of the ſame kind; for ſome 


are very ſuſceptible of inflammation, others in- 
ſtantly extinguiſh fire. The reſt differ not a little 
from each other; but all agree in this, that al- 
though very like to common air in many proper- 
ties, yet they appear to have exiſted as it were 
fixed in bodies, and deprived of their elaſticity, 


which they do not recover until the inſtant of 


their extrication : hence they have generally been 


_ diſtinguiſhed from common air by the epithet 
fixed. If this denomination muſt be retained, I 


do not deny but that the general ſignification a- 
bove explained agrees perfectly well with it; but 


the other more reſtricted ſenſe has for ſome time 


obtained; and as it is in general uſe, I am under 


the neceſſity of adopting it in the following Trea- 


tiſe, denoting by it only that ſpecies of air which 


is found in alkaline carths and falts, extricable by 


fire 
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fire or acids, and which iffues in great quanti- 
ties from many vegetables during fermentation. 
This, when properly depurated, poſſeſſes always 
the ſame qualities, and, as it evidently exhibits 
the properties of an acid, I call it (conformably to 
its nature) the Aerial or Atmoſpheric Acid, the 
reaſon of which denomination will hereafter ap- 
pear, particularly in $ XXII. and xx'II. 

That ſpecies of air which ſuddenly deſtroys ani» 
mals, and is entirely unfit for reſpiration, is call- 
ed Mephitic Air, ſuch as is found in the cavern 
near Naples, called Grotto del Cane, and in ma- 
ny others. This pernicious quality is common to 
moſt elaſtic fluids which have been fixed in ho- 
dies; fo that this denomination is nearly the ſame 
with that of Fixed ality; taken 1 in the more exten - 
: five ſenſe; © 


'$ 11. How pure Fixed Air is procured. 


There are three different methods of obtaining 
fixed air :—It may be expelled with efferveſcence 
by a ſtronger acid (a); it may be expelled by a 
ſufficient degree of heat; or, finally, it may be ex- 
tricated by Armen 00 We ſhall deſcribe all 
theſe methods in order. 


(s) The author in this place conſiders fixed air as an 
acid, which may be expelled from the ſubſtances with 
which it is united, by means of a ſtronger acid; and this 
extrication of fixed air is attended with an efferveſ- 
cence. nes 
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Fl . fig: 2 Hob fuß phial | 
ME there. be cementedz} ſo that no air can 
gia the erooked glaſs tube E VG; let the veſ- 
ſel be nearly half filled with diſtilled water; let 
there be added pellueid «calcafſequs ſpar, coarſely 
powdered, until it almoſt riſes ip the ſurface of the 
Water c through the funnel o, cemented to 
the orifice L andtimperfg cloſed by the glaſs 
rod v let concentrated} vitriolic acid fall in drop 
by drop upon which! innumerable bubbles will 
inſtantly ariſe from the calcareous particles: in the 


— time let the orifice G of the tube remain 


open, until the atmoſphæric air contained in the 
upper part of the bottle, and in the tube, be en · 
tirely expelled by the more ponderous fluid diſ- 
charged (S x xIv.); let the orifice s then be in- 
troduced under the mouth of the veſſel ; &, filled 
with water, and inverted. with its mouth beneath. 
the ſurface of the water in the veſſel * N 

+ This: being done, numerous bubbles will riſe 
" into.1 the veſſel, H 1, which, collecting above, by de- 
grees force out the water. When the water is 
entirely forced out from the veſſel ; 6, the extre« 


mity of the tube i is to be removed, the bottle cloſe 


N under water 00 and the air eee 
1 The deſign of pang the! zelle dig rode one veſſel 
to another, is "merely to free it from vitriolie acid,” whoſe 
attraction for Water is ſo great, that, during i its paſſage, ir 
quits the fixed ar, and unites mi the Water. N. 5 
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netz it ss ps cheg welke 0 . of a ſize ſomewhat 


ſmaller r 484 portion of the air; I8, abſorbet in its 


.  I% 


paſſag eight the witer, the aerial acid thus col- 
lected i Ez will certaimly be found pure, .unleſs, 
perhaps, mixed with a ſmall portion of atmoſpheric - 


air, which oH ſearcely have been completely ex · 
pelled by the fluid extticated during the efferveſ. 
cence. If the vapour ſhould contain any vitriolic 
acid, this laſt will certainly remain in the water, at 


leaſt after the ſecond paſſage through it. 


If, in place of the vitriolic, the nitrous, muria- 
ric, or any other aci&,(fo diluted as not to ſmoak , 
(e)) be applied with proper care, the very ſame 


kind of air is produced, the ſtrength and quantity 
of the acid muſt be . ſo regulated, that ſcarcely any 
heat ſtealt pe gen crated. I avoid * making ufe of 
© chalk, as it almoſt always contains marine a- 
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"2 1:the i -nitrous, or marine acid, be em · 
8 it is obvious, that theſe acids, being in this ſtate 
extremely volatile, will riſe, in part, along with the fixed 


air, which conſequently. will not be pure. The Futon A. 


gainſt heat i is founded on the ſame principle. N 


(4) 11. chalk containing marine acid be Gn. 3 he 
heat which vitriolic acid generates on mixture with water, 


will volgylze the marine, . and conſequently render the ., 
fixed air impure. C. 


# , = 


Mr Moryeau having Jet fall a few drops of a Fa of. 4 
me nd mercury in the nitrous acid into diſtilled water in 


chalk. had been boiled, obſerved, that the former fa- 


e inſtantly clouded the water 3 and that by the latter 


ſmall * of yellow precipitate was produced. I have 
| A 3 repeated 
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SECOND METHOD, 


Let a retort of green glaſs, not above one inch 
in diameter, be proyided, with a very flender 
neck; let the body of the retort be filled with 


magneſia alba, and placed in a crucible ſurround- 


cd with gypſum, and the whole apparatus be ſet 
in a portable furnace contiguous to its fide, ſa. 
that the neck ſhall not be expoſed to the fire ; let 

_ a glaſs tube be luted to the neck of the retort very 


op 


repeated the experiment, with the fame reſult, upon one 
ſpecimen of chalk ; but having boiled another in diftilled 
water, I found that neither ſolution of filver nor the acid 
of ſugar deſtroyed the tranſparency of the water. Mr Du- 
hamel has long fince remarked, that during the combina- 


95 tion of quick · lime with the mineral acids, a quick and 


1 penetrating vapour is diſcharged, which precipitates the 


““ ſolution of filver. This circumſtance, added to its o- 


* dour, led him to ſuſpect that it was the marine acid.“ 


See Lavoiſier's Eſſays. In order to bring this ſuſpicion 
of Mr Duhamel to the teſt of experiment, I boiled ſome 


quick · lime in water; and having precipitated the diſſolved 
earth by means of fixed air, I filtered the water, and add- 
ed ſolution of filver and acid of ſugar, but the liquor waz 
not rendered turbid by either of thele teſts. Tt is natural 
to ſuppoſe, that the marine acid generally contained in cal- 
careous earth would be volatilized by calcination. That 
which I employed had been well burned : perhaps Mr 
Duhamel's had not. If, therefore, this ſuppoſition be ad- 
miſſible, his obſervation will e with that of Frofefot 


Bergman. k. 
ddoſely, 
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cloſely, 0 as not to give exit to the elaſtic fluid), 


and ſo bended, that the aperture of the veſſel 1, 


_ inverted in water, may be hung over the extremi- 
ty 6; let the crucible then be made red hot, and 
ſuffer the air bubbles to fly off until the common 


air is diſſipated ; then let the air which afterwards 


comes over be colleted i in the veſſel H , as in the | 


former method. 


Lmake.uſ of» fngll. retort, both that the math - 


contained may eafily acquire a due degree of heat, 
and that the quantity of common air lodged in its 


neck and the tube may be ſmall; I chuſe a glaſs 


veſſel, as thoſe made of earth have often diſap- 
pointed me, by giving paſſage to the elaſtic fluid 


through chinks ſo ſinall as not always to be diſco- 


vered by the eye. Magneſia, when ſcarcely igni- 
ted, emits its fixed air with caſe ; whereas calca- 
reous earth retains it with much greater obſtinacy; 
ſo that if the latter be employed,, a much more 


vehement fire is neceſſary : I ſurround the body 


of the retort with gypſum, that it may not flow by 


the violence of the heat, but, on the contrary, grow 
more refractory by the cementation, and acquire 


the e of Reaumur's OR 


THIRD METHOD. 


This method differs from the two former; for 


here the elaſtic fluid is produced by fermentation. 


* 1 Is s nearly immaterial what fermenting mixture 
We 
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s or THE AERIAL ACID, 
we employ ; but J generally make uſe of wan fol 


lowing : — | 

In a bottle, of which the capacity is 3 50 th 
inches, I mix 20'0z. of ſugar, and as much of 
good yeaſt, with 200 cubic inches of water; in fix 


or ſeyen hours, and in about 15 (e) of heat, the 


common air is generally expelled; I then adapt 
the orifiee' 6 of the crooked tube to the mouth of 
the bottle n 1, and bubbles immediately riſe. The 
fermentation goes on equally well, if the tube be 
at firſt adapted to the neck of the bottle, the ac- 
ceſs of air not being neceſſary; it is ſufficient that 
an exit be allowed to the elaſtic fluid,” as [ ave 
often experienced. 8 

It is neceſſary to take care, in chis as well as 
the former methods, that the tube k A G6 be not 
too long, as the difficulty of the proceſs increaſes, 
in proportion to the quantity of air to be remo- 
ved ; let us ſuppoſe this reſiſtance = x, and the 


elaſtic force of the fluid generated at one time 


= E, it is manifeſt, that if & k there will be no 
room for expanſioh, and conſequently no diſen- 
gagement can be effected, either by efferveſcence, 
by fire, or fermentation, as the following experi- 
ment may ſerve to ſhew :— 


(e) In the Swediſh thermometer, the ſpace between 
the freezing point and the heat of boiling water is divided 


into 100 deg.; ſo that 10 of theſe degrees are equal to 


18 of Fahrenheit's ſcale, eee 1 191 6 and 


et 
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Prepare a ſtrong bottle, nearly full of water, to 


which let chalk or cryſtallized alkali be added; 
let it then be filled with any acid, and erde 
and cloſely ſtopped: at firſt, indeed, a few 


bubbles appear, but this appearance ſoon ceaſes, 
and the mixture remains clear, even for years, 


provided io exit is allowed to the elaſtic fluid, 
and ſuch: a portion (F) only be ſaturated, that 
the water can take up its fixed ait ; but the very 


ſmalleſt aperture e excites a moſt vio · 
Tent efferveſcence. 


The air which * collected as the Grow ak 
third methods may, like that göt by the firſt, be 
waſhed (g); and by whichever of theſe "methods 


(though ſo very different) it is obtained, it a 
bits ee the ſame ſs e | 


C111. General Properties of Acids. I 


. Saline ſubſtances are uſually diſtinguiſhed FT 
others by their ſapidity, and ſolubility, in water. 


Thoſe which are ſpecifically called acids, exhibit 


(/I ſo large a portion of the chalk or alkali be fa- 
turated, before the veſſel is cloſed, that the water is not 
able to abſorb the elaſtic fluid extricated by the ſatura- 
tion, the veſſel will burſt. It is neceſſary therefore to 


cloſe'the vefſe) very W or the n n not 
ſucceed. S. a 


(e) By paſſing it e water from one veſſel into 
"ppother. N. | | 6. ve 7 Bee Fre 


* 


ye | 
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very diſtin& characters, peculiar to themſelves, 


which are now to be enumerated; of theſe the 


iſt, 6th. and 8th, are common to other faline 
bodies, but in a mode and degree very different. 
1ſt, They very readily unite with water; ad, 


| They have an acid taſte; zd, They change the 
blue juices of vegetables to red; 4th, They have 
à very ſtrong affinity with alkaline ſalts, and form 


with them compounds milder than either of the 
conſtituent parts, which are frequently diſpoſed 


to cryſtallizez th, They diſſolve ſeveral earths; 


and alſo, 6th, Some metals; 7th, They precipitate 


{ubſtances diffolved in alkalis; and 8th, They _— 


y attract inflammable matters ſtrongly. 
If, then, every one of theſe properties be bund 
to belong to pure fixed air, properly collected and 
depurated, I hope its acidity will no longer be 


called in queſtion. We ſhall therefore examine | 


all theſe circumſtances in order. _/ 


Aids be 


K. 1 J. Aerated W ater, 


3 bs Q R, filled with the pure une 
fluid (5 11.) in a place where the thermometer 
ſtands but a little above the freezing point, be 


ſet in a veſſel of water, with its mouth depreſſed, 
by means of weights, almoſt to the bottom of the 
veſſel, that the union may be accelerated by the 


preſſure; and the water will be found to riſe by 
Ts ſo that at the end of 8, 10, 12, or more 
mV ig | hours, 
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hours, according to the ſize of the bottle, it will. 
be filled with water, for the union will have com- 
pletely deprived the fixed air of its elaſticity, If 
after that a portion of the elaſtic fluid be introdu · 
ced into the bottle, the water will riſe but little, 
or none at all. In an heat of about 5 () va - 

ter will abſorb a quantity of fixed air, ſomewhat 
more than equal to itſelf in bulk; in 10% (i) a 
quantity ſcarcely equal; and in temperatures ſtill 
warmer it abſorbs a quantity ſo much the leſs, as 
the mercury ſtands the higher. The quantity ne- 
ceflary to ſatTration can hardly be determined 
with perfect accuracy, as the water, becoming 
heavier when ſaturated with the elaſtic fluid, ſinks 
by degrees to the bottom, and leaves the ſpace it 
before occupied to the lighter water, as would 
happen to any other ſaline ſolution. 

This union may be effected, and that even in 
a few minutes, by other methods; for inſtance, 
if by agitation we encreaſe the number of points 
of contact. But of this I treat more at large elſe- 
where (), therefore have here only ENTER 
the molt ſimple method, 

The ſpecific gravity of aerated water (to make 
uſe of a new expreſſion) I found to be to that of 
diſtilled water, nearly as 10,015 to 10,000, the 
thermometer ſtanding at 20 (J). | 


(5) 4e of F. B. (i) 500 of F. B. 155 
(4) Vid. Analyſis Aquarum, 
(/) 359 or *ofF. R W 

0 2 Water, | 
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ter, but a conſiderable difference is obſerved ; for 
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due proportion of ſuitable ſalts, we may perfectly 
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W ater, therefore; and d "that ſabtile vapour of 
Which we are treating, readily. unite ; but as the 
latter is very volatile, a great part of it flies off in 
the open air, and the quicker in proportion to the 
heat of the maſs; in the mean time, as it dimi- 


niſmhes, the remainder is retained more obſtinate- 
h; ſo chat boiling for half an hour is neceſſargg 


to diſcharge the whole. e e e Air I * OY 

OS completely. mo Heres Hes 
The air-pump, it is true, extracts bubbles from — 

We quantities of plain water and of aerated wa- 


when a portion of the aerial acid is thus diſchar- 


2 ged, it may be eaſily diſcovered by the taſte, the 


water being found to have a vapid, leſs acidulous; - 
and leſs pungent flavour 


'$ v. Fixed Air has an acid Taſte, ; ec 


As this air is in forin of an elaſtic vapour, it 
can hardly be taſted by itſelf, at leaſt diſtinQly; : 
but if it be united with water, which is in itſeilfk 
void of flavour, being accumulated and rendered 
leſs volatile by this union, it readily affects the 
tongue with a weak but agreeable acidity. ' This 
18 the real ſpirit of the cold mineral-waters, which 
undoubtedly occaſioned them to be called acidu- 
lous; and by means of which, together with a 


imitate the Scltzer, Spa, and Pyrmont waters. 
7 „ | Such 


go 
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och artificial waters, IT have. now deen uling for 
Sehr years” with-ſignal advantage: 


= 
' 


Ab is: very remarkable, that water ſo cold: as on- N | 


5% _ oy to exceed the freezing point by a few degrees, 
Ga though ſaturated with fixed air, gives out ſcarce 
any ſenſible flavour, but if ſet for a quarter or 


neutral ſalts, the more cloſely the two principles 
cohere, the leſs ſapid is the compound; on the 
contrary, the looſer their connection, the more 
lenſible is the effect of the compound on the 
tongue: now in this caſe, as cold ſtrengthens the 
union of the water with the air, and heat tends to 
looſen it, from thence the explanation dae _ 
nomenon 18 eaſily derived. . 

. But, alkaline ſalts. not oF: reg, quickly; deltroy ' © 


the; pungent. flayour,, but. cen. make-the water 
totally: vapid, which it is net: difficult to account 


Wo half an hour in 159 or 200 (m), it by degrees e- 

volves its pungent and grateful acidity: nor is it 
difficult to account for this phænomenon; /as it is 
ſufficiently illuſtrated by the known properties of oy, 


for: if any portion of them be cauſtic; that is, . 


not ſatufated with fixed air, (4 VII.) their produ- 


| f cing the ſame effect, though i in a ſlighter degree, 
. even: when they are fully, ſaturated with air, ſeems 


fully than water does, and have even the proper- 
ty of accumulating it, ſo as to de fiperfaturated ; 
particularly; as a few drops, of the mineral acids. re- 


2 15*=59? , and"20%= 68? of F. = 


Gs 


: 5 to indicate that: they attract fixed air more power 
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ſtore the flavour of the water, by attacking. the 
alkaline falts, and expelling the elaſtic fluid, which 
is therefore again abſorbed by the gp. 
water (n). 


* 


* 
- * 


9 vi. Fixed Air acts like a tea, Acid. 
"The acid nature of fixed air is diſcoverable by 


other ſigns beſides its taſte. If the water in the- 


bottle 


= 


{z) © This accumulation of gas in acrated alkali,” 
ſerves Mr Morveau, does not coincide with the laws 
the cryſtallization of neutral ſalts : perhaps it would 
better to ſay, that the union of the water and the falt 
looſens the combination of the latter with the fixed air. 
There is at leaſt no proof that the reſtoration of the ſa- 
vour, on the addition of the acid, is not ſolely owing to 
the fixed air, which was a conſtituent part of the aerated 
alkali, and is thus diſengaged, according to Mr Venels 
method. The law to which Mr M. alludes is not with- 
out exception. Cream of tartar and tartarus tartariſatus, 
calomel, and corroſive ſublimate, volatile vitriolic acid, 
and ſulphur, are ſuch obvious inſtances of the union of the 
ſame principles in different proportions, as ſhould have 
made him more cautious of pronouncing on the improba- 
bility of a ſuperabundant portion of fixed air combining 
with alkali. On this occaſion it may not be impertinent 
to remark, after an ingenious teacher of chymiſtry, that 
there prevails very generally an inaccurate and 044 
phical way of conceiving and expreſſing ſuch combinations 
as are mentioned above. Two bodies can hardly be imagi- 
ned to combine in more than one certain proportion. 
How, then, it will be aſked, are we to explain theſe in- 

: ſtances ? 
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bottle Q A be tinged with turnſole to a perfect 


blue, when fixed air ſufficient to fill about the 2 
of the veſſel has paſſed through it, it will be mani - 


feſtly red: a ſaturated tincture of turnſole is or- 


dinarily of a violet colour, but when ſuthciently 


diluted loſes all the reddiſh tinge, and in that 
ſtate therefore it is PRE proper for * 


purpoſe. 


In like manner, one 150 of water ſaturated 
with fixed air, makes 50 parts of the above tinc- 


ture diſtinctly red. 
This change of colour, however; occaſioned 
by the fixed air, ſoon diſappears in an open veſſel, 


particularly if it be expoſed to heat, or the rays 


of the ſun; a circumſtance which indicates the 
volatile nature of the acid that produces the 
change: a ſmall portion of mineral acid, it is 
true, ſeems to yield a fugitive red, but when ac- 


curately examined, a fallacy appears, for the wa- 


ter abounds with the alkaline materials with which 


the turnſole juice has been prepared; theſe ſeize - 


the mineral acid as ſoon as it is added, and give 
out their fixed air to the ſurrounding ger, 


; N 515 ſuppoſing that a compound becomes in this 
reſpect an element, and unites with one of its conſtituent 


parts, in order to form a new compound. Thus corroſive 5 


ſublimate, which is itſelf formed by the union of mercury 
and another ſalt, unites with mercury to compoſe calomel. 


In the ſame way we are to conceive of the combinations of 


vitriolic acid and phlogiſton, and of many others. B. 


* 
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hence a redneſs is obſerecd, which vaniſhes 
when this air is evaporated. —Let us now ſup- 
poſe that the alkali contained in the liquor 
requires m parts of mineral acid for ſatura- 
tion, hence r parts may be ten times added be- 
fore the ſaturation is complete, and ſo often a fu- 
gitive redneſs will be produced; but after the ſa- 
turation is completed, what is added will either at 
once produce a permanent red, or gradually 
change the blue to red; here then, it is obvious 
that the fugitive red . . is not to be attributed 
to the mineral acid, but th the fixed air. 
FgGpyrup of violets, and ſuch other blue he 
ñjuices as I have hitherto tried, are not reddened by 
fixed air; the tinQure of turnſolè is of all known 
tinctures moſt eaſily acted upon by acids, there- 
fore the lighteſt veſtiges, which cannot by any 
other means be diſcovered, are by this tincture 
| eaſily detected. Beſides, all acids have by no 
means equal ſtrength and efficacy : diſtilled vine- 
gar makes ſyrup of violets red, yet is not power- 
ful enough to cauſe any alteration in the colour 
of the blue paper which is uſed to cover ſugar- | 
loaves ; and the colour of indigo does not yield 
even to the moſt concentrated vitriolic aid. 
Hence, though the aerial acid alters only tincture 
of turnſole; no "concluſion is to be deduced from 
this crrümſtance -againſt its acidity, all we can 
infer: iy. chat it is wettker than the reſt ; on the 


- are. confirmed in the opinion that its 
| acid 
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from every other acid, ſcarcely makes any change 


it is at length ſaturated with the elaſtic fluid, let 


or THE AERIAL Aw. 


acid properties do not depend upon an extraneous 
acid; for if that were the caſe, this ng ns 
acid e be ſo accumulated as to overcome the 
more permanent blue colours. 


It is alſo obſervable, that aerated water, free 


in the colour of paper tinged with turnſole, al- 
though it makes the tincture diſtinctly red; the 
reaſon is, partly becauſe a ſufficient quantity of 
this ſubtile acid cannot come at once in contact 
with the plane ſurface, and partly becauſe the acid 
is in the former caſe at liberty to follow its natu- 
ral tendency to volatilization (o). 


§ vit. erated vegetable Aal. 


Let the mouth of the veſſel @ R, filled wit 5 "8 
ed air, be immerſed under the ſurface of water 
nearly ſaturated with pure alkali of tartar, and 
the lixivium will gradually riſe in the veſſel; when, - 


it be poured into a proper veſſel, and ſet by in a 


dry place for ſome weeks, by that time cryſtals. 
will be ſeen MINE d to the ſides and bottom of 


(4) The aerial acid being diffuſed over 4 paper, pre- 
ſents a much larger ſurface. to the contact of air, and is 
therefore ſooner volatilized, than when, being mixed with 


the water, the ſurface of the water. is the only ſurface N 


evaporation. C. 


Vol. J. | B mw 6 
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the veſlel ; ſuch of theſe. cryſtals as are. regular 
appear to be quadrangular priſms, the apices 
. conſiſting of two triangular planes, inclined to - 
each. other, ſomewhat like the roof of an houſe 
(). The ſaturation of the ley may be collected 
from its not imbibing any more fixed air. If the 
water contains too much alkaline ſalt, cryſtals 
will be produced even in the bottle. The ſame 
alkali, diſſolved in water, previouſly ſaturated with 
air, produces by cryſtallization ſimilar figures; 
theſe cryſtals neither deliqueſce in moiſt air, nor 
effloreſce in dry, but always retain their tranſpa- 
rency : they may not improperly be called aerated 
vegetable alkali, as thoſe ſalts which are ſaturated 
_ with vitriolic acid are diſtinguiſhed by the term 
vitriolated, joined to the name of that baſe with 
which the acid is united. All ſubſtances ſaturated 
with fixed air I ſhall call hereafter, for brevity 
ſake, acrated, thereby indicating that they con- 
tain that acid which is always Preſent in common 
air (XXII. XIII). 8 | — 

Theſe cryſtals, in a moderate temperature, re- 
quire for ſolution four times their quantity of wa-. 
ter. On calcination they fall to powder, and loſe 

e of their weight, but by a flow diffolution in 
acids they loſe 44%; only; hence it appears that in 


() As two of the faces are much larger than the 
others, it would be as exact to define them parallelopipeds, 
of which the oppoſite ſides have parallel inclinations. Mor- 

veau. | 
5 | 100 


: 
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100 parts of theſe ſalts, there are 32 of water, 


20 of fixed air, and 48 of pure alkali (9); hence 


it alſo appears that 100 parts of pure vegetable al- 


kali require nearly 42 of fixed air to ſaturate them. 
Complete calcination expels both the fixed air and 


the water, whereas the acids, if properly applied | 


(5 v111.), expel the fprmer only. However, in 


the preſent caſe, it is Tearcely poſlible to expel all 
the fixed air by means of fire, unleſs by an ex- 


ceedingly tedious and troubleſome calcination. 
The principle on which the corroſive quality of al- 


kaline ſalts depends will be explained in 5 x1. _.* 


The efferveſcence which theſe ſalts raiſe with 
acids, depends upon expulſion of the particles of 
fixed air by the ſuperior power of the ſtronger 
acid, and upon the recovery, at the ſame inſtant, 


of their elaſticity, which had been either loſt or | 


repreſſed; they mult therefore riſe to the top by 
their ſpecific levity, and occaſion a foam on the 
_ ſurface, | | | 

The taſte of the cryſtals is indeed alkaline, but 
mild, and not at all acrid; if, however, by means 
of calcination, or, which is better, 'by means of 
quick-lime, they be entirely deprived of fixed air, 
they are converted into a ſalt highly acrid and cor- 
roſive, which is therefore commonly called cau- 
ſtic, and very readily deliquiates in the open air; 


the reaſon is, that it is now left to itſelf, and can 


(2) For 48: 20 100 1413. or 42 nearly. C. 


We fully 


* e — * ; a " 1 8 
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fully exerciſe its nina! acrimony, which had 
been repreſſed and weakened by the union of fix- 
ed air. The ſame phenomenon. takes place with 
the ſtrongeſt acids, which being ſaturated with 
an alkaline or earthy baſis, yield mild compound 
ſalts. Thoſe who attribute cauſticity to phlogi- 
ſton ſcem to have forgotten that by means of 
that ſubſtance the moſt highly concentrated vitrio- 
lic acid becomes a ſulphur, totally void of acri- 
mony ; that by means of the ſame, the acids 
of vitriol and nitre are ſo weakened that they 
may be expelled by concentrated vinegar; and 
finally, that all acids are dulcifted by ſpirit of 
wine (7). 


The 


(r) I am ſenſible of all the force of theſe objections; 
yet I will obſerve, Firſt, That the vitriolic acid does not 
exiſt entire in ſulphur, any more than the nitrous acid in ni- 
trous air, or the phoſphoric acid in phoſphorus; that theſe - 
acids do not combine with phlogiſton till they have loft their 
air; and that they cannot reſume their acidity till they 
have recovered their air, which is a conſtituent principle 
of that ſtate. 

On the other hand, it is no leſs evident, that a ace 
can yield thoſe principles only which it contains: now the 
-. cauſtic alkalis evidently impart phlogiſton to the precipi- 
tates of metallic ſolutions ; and hence I have delivered it 
as my opinion, that alkalis and calcinable earths ought to 
be placed among thoſe ſubſtances, perhaps more common 

than is generally Tuppoſed, which cannot be diſengaged 
from all combination, and which do not loſe one compo- 


nent part, but by the enen of another principle 
| mm 
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The cauſtic alkali, when pure, (by which I un- | 
derſtand, deprived of its water, and particularly 
of its fixed air), if expoſed to the atmoſphere, at- 
traQs from thence moiſture in ſuch quantity as to 
be diſſolxed; and hence it is called oil of tartar 
per deliquium. This again is gradually faturated 
with fixed air from the atmoſphere, in conſe. 
quence of which it forms cryſtalline vegetations 
on the ſides of the veſſel. 


I ̃ here are to this day perſons who infiſt that the 

vegetable alkali cannot be exhibited in form of 
_ cryſtals, notwithſtanding that Profeflor Bohnius 
(s), of Leipſic, ſo long ago as the end of the Jaſt 


that continues to adhere to them. (See El. de Chemie. _. 
Dijon. vol. iii. p. 247-). It will be ſeen in the ſequel of 
this diſſertation, that the. author himſelf inclines to this 
opinion, ſince he admits a portion of the matter of heat in 
cauſtic earths and ſalts, of which even ſolution in water 
cannot deprive them.” Morveau .I think that the conſi- 
derations here alledged do not much invalidate the author's 
objections to that opinion which attributes cauſticity to 
phlogiſton. Cauſticity may perhaps be defined that ten- 
dency to combination which matter in general poſſeſſes, 
exerted on the living and ſenſible body. Thus the cauſti- 
city of acids ſeems to be in proportion to their power of 
combination, and that of neutral ſalts inverſely, as the ad- 
heſion of the acid to its baſis. But I beg leave to refer 
the reader to the article © Cauſticity,”” in the new edition 
of Mr Macquer's Dictionary, where he will find the ſub- 
ject e diſcuſſed with the uſual addreſs of that elegant and 
perſpicuous writer. B. 


(s) ak Pohnjus, Diff. N 8 1 ann. 1696, p. 381. 
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century, had demonſtrated the contrary ; but his 
method had been ſo long unknown, that it was 
lately offered to the public as a new diſcovery (t). 


Although the vegetable alkali attracts fixed air 
very powerfully, yet it is difficult to obtain a com- 


22 


* 


plete ſaturation; for in proportion as the number 


of cauſtic particles is diminiſhed, they are the 


more widely diffuſed through the fluid maſs; 


hence it follows that they more faintly attract, and 
more difficultly meet with the elaſtic fluid, a cir- 
cumſtance which occurs in almoſt every fatura- 


tion. During cryſtallization ſome particles {till 


remaining cauſtic, ſully the water of the cryſtals, 
as is ſeen from the colour of the precipitate of 
corroſive ſublimate which this alkali produces. 
Thus pure fixed alkali precipitates. a ferrugineous 
mercurial calx, but when fully ſaturated with 
fixed air, it precipitates a white one. The vege- 
table alkali, perfectly cryſtallized, precipitates a 
whitiſh calx, ſullied with yellow particles; where-. 
| as, if theſe cryſtals be powdered, and expoſed to 
the air upon bibulous paper for ſome. days, they 
loſe all their cauſticity, and precipitate ſublimate 


in form of a white powder: this white colour de- 


pends upon fixed air adhering to the mercurial 
calx. * xxl. 1 diſſolved in nitrous acid 


0 Henee we may ſee how far Mr Fats,” al is . 


Len, when he aſſerts, that the original diſcovery of the 


cryſtallization of . alkali belongs to Mr Duhamel. 


B. 
produces 
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produces different appearances, according to the 
different methods of preparation: thus, if the ſo- 
lution be effected in the cold, and with diluted 
acid, a conſiderable quantity of the phlogiſton re- 
mains adherent; whereas, if fire be employed, -a 


great part of it flies off in the red vapours: now 
the more the diflolved | mercury is impregnated h 
with phlogiſton, the paler is the precipitate made « 


by fixed alkali ; and on the contrary,” the leſs it is 


| impregnated, the darker is the red golour it yields 
with cauſtic, and the more ſullied the White one 


with acrated alkali, _ 
In experiments which require grow ACCUracy, I 


make uſe of alkali prepared from burned cream 


of tartar, as this is generally free from the marine 
acid, which, as well as the vitriolic, is in general 


mixed with ſalts elixated from vegetable aſhes. 


All alkalis efferveſce with acids, from which we 


may in ſome meaſure judge of their general na- 


ture; for the moſt part they are actually ſaturated 


with Axtd air, that very ſubtile acid, which never- 
_ theleſs is not powerful enough to prevent them from 


changing blue vegetable juices green ; if however, 
on the other hand, the acid is ſuperabundant, the 
alkali which it ſaturates does not prevent it from 
turning tincture of turnſole red, as any one may 


experience in water which is impregnated with 


fixed air, and at the ſame time holds diſſolyed an 
aerated alkali. But dry alkali of tartar ſeldom 


contains more than de of fixed air, 8 of 
Da: da, 
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| water, r of filiceous earth, and ,7,% of pure 

„ alkali, of which 7 would be in a ſtate per · 

fectly cauſtic if the AZ; of fixed air were abſorb- 

ed by r of the pure alkali, which it is ſufficient 

to ſaturate, but as it is equally. diſtributed through 

the whole, cach particle wants +24 (v) of its 

weight; which deficiency, for the reaſons lately 

ſtated, will be made up but (u) flowly, and with 
ee, even in the open air. (+ 


8 VIII. Aerated mineral Alkali, 125 


Fixed mineral * which, when 3 
3 marine plants, is commonly called ſal ſodæ, 
is uſually found ſo much loaded with fixed air, 
that without any further accumulation it naturally 
forms cryſtals with ten, or rather eight ſides, of 
which 1 een are * the * 2 trun- 


TRY '23 of = air are fulfcient to ſaturate 55 of pure 
fixed alkali; for (ſee p. 18.) 100: 42=55: 23 nearly. 
I am inclined to think, that into the calculation of the de - 
Hciency of weight a typographical error has crept ; for 
this deficiency, which Mr Bergman ſays will be reco- 
vered in the open air, can, I apprehend, amount to no 
more than 0, 66; for, if 23 ſaturate 55 parts, 70 will be 
ſaturated by/ aur: for 55: 23 2 70; 29yr, and 0,29 — 
0,23 = 9,06 3 and therefore I conceive the deficiency to 

be only x35-. C. 


(4) Becauſe all the . are partly 8 and 
therefore attract the ſaturating matter with leſs rapidity 


bud Joree: . 


cated 


8 5 : | h | | 7 . 
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cated (fig. 6.); and if it be rendered cauſtic by 

quick: lime, it may again, like the vegetable alkali, 

rere with fixed air, $ vir. $28.2 
100 parts of the freſh cryſtals contain of fixed 5 = 

air 16, water 64, and pure alkali 20, ſo that 100 _ 5 

parts of the pure alkali require, to ſaturate them, | 

80 parts of fixed air (w) : this is the more extra- 29 | 

ordinary, as it is certain, that an equal weight of 

| the vegetable alkali, though (x) ſtronger, requires 

no more than 42; but ſuch is in general the na- 


tt * 


| ture of ſimple ſalts, that the ſtronger they are, 
the more eaſily are they faturated (y). The truth | 
of this chymical paradox may be ſhewn in the fol- 3 
N lowing manner : — Let two bottles be provided, 4 
f the larger containing a given quantity of alkaline 
1 () According to Mr Lavoiſier, the quintal of cryſtals 
1 of ſoda contains 63 Ib. 10 O:. of water, 15 Ib. 15 oz. of e- 2 
flaſtic fluid, and 20 lb. 7 oz, of ſaline matter. This ana- SE... "2 


lyſis coincides nearly with that of the author: but Mr Kir. RR. 
wan (Phil. Tranſ. vol. Kxii.) departs widely from both, 
According to him, in 100 grs. of cryſtallized foſſil alkali, 

there are 35 of alkali, 20 of fixed air, and 45 of water. 

Mr Kirwan thinks that the difference is owing to the 


two former chemiſts having uſed ſoda recently cryſtalli.. 1 Se A 
431 9 By ſtronger we are to underſtand poſeſng the power 
— ol diſlodging other alkalis from acids. C. 


( ») This ingenious artifice affords a very eaſy method of 
aſcertaining the quantity of fixed air expelled from an alkali 
by means of acids, together with the * of acid ne · ES 
geſſary to ſaturate that al. C. | we | 9 
| p 3 


FIR, 
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1 ſiult diſſolved in water; and let the weight-of the 
£ | .Y ſolution, the bottle, in the ſtopple, taken toge- 
1 3 | ther = A; let the weight of the lefſer, contain. 
1 y ing ſome ſpecies of acid, = =; from the leſſer 
* bottle pour into the greater a quantity of acid, 
_ and ſtop both lightly; the efferveſcence being 
= over, let more acid be poured in, and again ſtop 
—_— the bottles, and ſo on until the ſaturation is com- 
= plete; then let the weight of the greater = a, 
BY that of the leſſer b: ſince then 3 — b has been 
1 added to the greater bottle, the decrement of the 
1 ö 7 leſſer muſt equal the increment. of the larger; 
EY that is, B—b=a—a; but this can never hap- 
1 4 il pen, unleſs the alkali be perfectly cauſtic, other- 
= wiſe we ſhall always have B - ba - A; and 
1 their difference 3 — b — a + 4, indigates the 
5 Ii A "s weight of the fixed air expelled. The efferveſ- 
- i cence ſhould be conduQted gently, without heat, 
: ; 7 ©. and in a bottle of proper ſize, leſt ſome watry Va- 
> Mt 8 pour ſhould fly off with the fixcd air, and render 
z if | the concluſion erroneous. 
=_ Let the ſolution in the larger bottle be evapora- 
_ ted to dryneſs, and the a eſiduum be gently igni- 
| ted, in order to expel the water of cryſtallization, 
703 and the ſuperfluous acid, if any there be. Let it 


then be weighed, and from the increment of 
weight in the given alkaline ſalt, and the weight 
of the fixed air expelled, we diſcover what 
quantity of acid is ſufficient to ſaturate the fixed 


—_— when freed from water and fixed air; by 
| this 
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this method I diſcovered that one hundred parte 
of pure mineral alkali require, to ſaturate them, 


Parts. 
of -vitriolic acid. - „ 77 
— nitrous EIT 8 5 0 RES 
— marine — _ 125 


eee NY 5 


and that one del arty of pure vegetable al- 
kali require, for ſaturation, 


of vitriolic acid - - 782 
'» L — Nitrous = „„ 
' — marine Ss + wet 
| 3 : ” | +30 
— atmoſpheric, - - 407 


The quantities of fixed air before aſſigned to the 

mineral and vegetable alkalis agree preciſely with 8 

this table. 
What has been already affirmed of alkalis holds 

good of acids, deprived of their ſuperfluous wa- 

ter: Thus 100 parts of vitriolic acid require 


7 
of pure vegetable alkali - - 127% 
L mineral!!! =, 565 
— volatile 142 


25 
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mall be explained in & x x1. 


Ya 


Cryſtallized mineral alkali, in a dry air, loſes 
its water, together with its tranſparency, and 
breaks down into a powder; it diſſolves in a mo- 
derate heat in about twice its weight of water : 
beſides, many properties of the vegetable alkali . 
(mentioned in & v11.) belong to the mineral. The 
reaſon why it cannot, like the vegetable alkali, 
precipitatg corroſive ſublimate in a white powder, 


§ ix. Aerated volatile Alkali. 


To obtain the volatile alkali regularly cryſtalli- 
zed, I choſe that which, being obtained from al 
ammoniac by means of chalk, and a due degree 


of heat, is ſaturated with fixed air; I then ſatura- 


ted water with it in a cloſed bottle, and finally ex- 
poſed it gradually to intenſe cold; notwithſtanding 
which, I could not obtain figures perfectly regu- 


X lar—they ſeemed indeed ſomewhat octaedral, with 


four truncated angles.— See hg. 7: which exhibits 


the upper ſurface. | 
'The cauſtic volatile alkali, prepared with quick- 


lime, attracts water very vehemently ; it is there- 


fore always fluid, very penetrating, and exceeding 


volatile: by the method deſcribed F vir. it is ea- 


fily rendered mild, and is to a certain degree fix- 

ed, and diſpoſed to cryſtallize. | 
This alkali is weaker than the fixed ; and there- 
fore, according to the rule above moaned. it 
| ſhould | 


mould require a greater quantity of fixed air to 


ſaturate it: And experiments confirm the truth of 
this; for 100 parts of this alkali, when pure, take 


up near 105 of the aerial acid; and hence alſo it 
occaſions a more violent efferyeſcence with acids 


—100 parts of concrete volatile alkali uſually con- 
tain 12 of water, 45 of fixed air, and 43 of pure 
alkali, 


5 $ x. Aerated Terra Ponderoſa. 
That baſis which, ſaturated with vitriolic acid, 
forms the ſpathum ponderoſum (the marmor me- 
tallicum of Cronſtedt, & xvII. x1x.) bears a ſtrong 


reſemblance to calcareous earth; but as it differs 
in many particulars, it is neceſſary to make a dif- 


tinction, until new experiments throw more light 


on the ſubject. The efferveſcence which this ſub- 


ſtance occaſions with acids manifeſtly indicates the 


preſence of fixed air ; that I might be more in- 


timately acquainted with. this combination, I ex- 


pelled the fixed air by burning; poured water on 
the reſiduum, ſhook it, and then filtered it—after 
it had ſtood a few hours in the open air, I ſaw the 
ſurface ſlowly covered with a cream, and all that 
was diſſolved in the water ſeparated by degrees, 


in the very ſame. manner as happens with lime- 


water. This pellicle efferveſces with acids; hence 
we may certainly conclude, that the principle 


which had been expelled by the fire is now reſto- 


red: 
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red: by a ſufficient degree of heat, 0,35 of "thi 
weight are loſt, and the bottom of the veſſel ac- 
quires a bluiſh colour; but by flow ſolution in a- 
cids, not more than 0,07 are loſt : hence it ap- 


. pears, that one hundred parts contain 7 of fixed 
air, 28 of water, and 65 of Pe terra ponderoſa. 
Water can take up about +, of its own weight 
of this earth in its pure ſtate, and when ſaturated 
with it precipitates corroſive ſublimate in the 


form of a yellow powder: it blackens merc. dul- 
cis, and changes the colour of vegetable extracts, 
in the ſame manner as lime-water does. It is alſo 


to be obſerved, that this earth acquires ſolubility 


in water more eaſily, if it be ſeparated from the 


nitrous acid by fire, than it does 'by being calci- 


ned alone. Although this e th, ſaturated with 
fixed air, will not enter into an union with com- 


mon water, yet it diflolves in water impregnated 


with that ſubtile menſtruum; for water in that 


| ſtate takes up A of its weight, and even much 


more, if the earth be reduced to a powder as 
fine as that of a precipitate : this ſolution chan? 
ges the red colour of paper tinged with Brazil 
wood, to a blue; it heightens the colour of paper 
ſlightly tinged with turnſole; but when the men- 


ſtruum is ſuperabundant, it reddens the tincture ; 
it ſcarcely changes paper ſtained yellow by turme- 


ric root: in the open air, the ſuperabundant men- 
ſtruum gradually flying off, a cruſt is formed of 


the ſame Rand as that occaſioned in the former ſo- 


lution, 


lution, by the ſame menſtruum being attracted to 
Haturation from the cop, G0. 


Experiments ſhow that the tranſparent calca- 


reous ſpar, when expoſed to a ſufficient degree of 
| heat, loſes 0,45 of its weight, together with the 
property of efferveſcing with acids, at the ſame 
e that it ere ee ee and Pee in Wa- 


(2) & Ponderous EY. ” ſays M. Morveau, © is hi- 
8 but imperfectly known to the French chemiſts. Mr 
Monnet alone has paid attention to it: he found that the 
ponderous ſpar is far leſs fuſible than gypſum; that the 
earthy baſis forms, with the mineral acids, ſalts very dif- 
ferent from thoſe produced by the combination of the ſame 


acids with calcareous earth.“ He differs widely from Sir | 


T. Bergman on a point of ſome conſequence ; for he con- 
tends for the exiſtence of ſulphur completely formed in the 
ponderous ſpar ; he aſſerts, that he has obtained liver of 


ſulphur, by treating it alone with alkali in cloſe veſſels ; | 


he conſequently conſiders it as a true earthy cryſtallizable 
liver of ſulphur. On communicating to Sir T. Bergman 
this experiment and deduction of Mr Monnet, that ehemiſt 
returned for anſwer, That he could not but allow that the 


ponderous ſpar may ſometimes contain ſulphur ; but he 


conſiders the ſulphur as an extraneous ſubſtance ; in con- 


firmation of which he obſerves, that it is only preſent by 
accident, and that the ponderous ſpar may be re-produced 
by ſyatheſis, poſſeſſed of all its eſſential properties, viz. by 


combining vitriolic acid and ponderous earth. This an- 


{wer ſeems deciſive, B. 
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ter: the cauſe of this change has been of late the 
ſource of much contention ; but if I am not totally 
deceived, this diſpute may now be decided, both 
analytically and ſynthetically. Thus, if, by the 
ſecond method (5 11.) we collect the volatile fluid 
expelled i in burning, it, upon examination, 1 18 
found to be no other than fixed air, and is equal 
in weight to about o, 34 of the crude maſs; the 
ſame loſs is ſuſtained by ſlow ſolution in acids, 
the remainder, which is 0,45 — 0434 = 0,11, 
conſiſts of water neceſſary to cryſtallization, which 
may alſo be ſeparated by a proper diſtillation. The 
prodigious velocity with which the fixed air flies 
off occaſions it to carry off a ſmall portion of wa- 
ö tery vapour; inſomuch that the whole of the wa- 
ter cannot be collected in this way, unleſs by 
5 means of an apparatus adapted to that purpoſe. 
FLIES This analyſis is fully confirmed by ſyntheſis ;—Let 
| the bottle x be filled with clear lime-water, and 
let a ſufficient quantity of fixed air be introduced 
B32 through a very ſlender tube, ſo that it may be im- 
mediately abſorbed ;_ by degrees the liquor grows 
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11 turbid, and ſlowly depoſits a powder, which effer- 
# | veſces with acids, is not ſoluble in water, and is 
. void of acrimony, that is, poſſeſſes all the proper- 

| ties of lime-ſtone, which properties, together with 


the above-mentioned part of its weight, it loſes a- 
gain, upon expoſure to fire, —lt is with juſtice, 
therefore, that we conſider calcareous matter as a 
neutral ſalt, of which cryſtals are of an obliquely 
paral- 
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| parallelopiped figure, which is called ſoathaccons/ 
Do of which the compoſition is ſuch, that 100 parts 


contain about 34 of atmoſpheric acid, 11 of wa- 
ter, and 55 of pure calcareous matter, Bs freed 
from air and water. 


Pure lime can be wholly difolved i in water | 


but we muſt take particular notice, that not only 
a conſiderable Icy of water is required, (as it 


ſcarce takes up*% of its own weight), but the 


water muſt alſo be completely purged of fixed air, 
by violent boiling for half an hour; for if the 
ſmalleſt portion of fixed air remain, it ſaturates 


more than its own weight of pure lime, which 


| thereby becoming indiſſoluble falls to the bottom. 
If, therefore, any of the lime remains undiflolved, 

it ſhews, either; 1ſt, a mixture of heterogeneous 
matters; 2d, That the lime is not well burned ; 
3d, That the water is unfit for the purpoſe; or, 
4th, That it is uſed in too ſmall a quantity. The 
2d and 3d impediments are eaſily diſcovered, by 
the efferveſcence of the refiduum with acids ; nor 
will the detection of the other «two give math 
trouble to an expert chymiſt. 

Since then pure lime and fixed air ſeparately 
are with eaſe diſſolved in water, it may be aſked, 
Why ſhould not the compound be alſo ſoluble ?— 
We have long ſince obſerved, that the acceſſion 
of fixed air diminiſhes the ſolubility of alkaline 
falts and terra ponderofa it ſhall now be demon- 
ſtrated, that other acids produce the lame effect, 

Vo L. J. ; C | | Pure 
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Pure vegetable alkali is very deliqueſcent, and vi- 
triolic acid retains water with ſuch force, that it 
cannot be exhibited in a ſeparate ſtate by any 
means yet known; yet if theſe two be combined 
to the point of faturation, a neutral ſalt is produ- 
ced, one part of which, in a moderate heat, re- 
quires 16 of water to diſſolve it. This is one no- 
table example, and upon inquiry hundreds more 
will occur. | 

We know that vitriolated vegetable alkali, gyp- 
ſum, and other falts difficultly ſoluble, are more 
eaſily taken up by water, if it be acuated by an 
acid. May not aerated lime, therefore, be ated 
upon in the ſame way by ſuperabundant fixed air? 
at leaſt, if we admit fixed air to be an acid, we 
ſhould expect ſuch an effect; and upon experi- 
ment this appears to be the fact. Let a ſmall por- 
tion of lime · water be dropped into water impreg- | 
nated with fixed air, flight clouds are immediately 

formed, occafioned by the faturation of the lime 
by the fixed air: theſe clouds, however, diſap- 
pear upon gently ſhaking the veſſel, the lime be- 
ing again diſſolved by the fuperabundant fixed 
air. Put into a bottle, filled with aerated water, 
tranſparent calcareous ſpar, reduced to an exceed. 
ingly fine powder ; let this bottle be kept well 
corked in a cool place for ſome days, and a part 
of the ſpar will be found diffolved : this ſolution, 
filtered through paper, by its ſuperabundant fixed 
ajr reddens the tincture of turnſole (lime-water 


heightens 


| withſtanding, continued firmly attached to the we; but 
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heightens its blue colour); it ſcarcely ſtains blue 
a paper tinged red by Braſil wood (lime water oc- 


caſions a deep blue colour); it does not change 


the yellow colour of turmeria (lime-water makes 
it ferruginous); in the open air it forms a cream 
upon the ſurface, as it is there the ſuperabundant 


menſtruum firſt flies off (whereas the. cream of 
lime is to be aſcribed to the attraction of fixed ait 


from the atmoſphere); finally, by gentle eva- 


an it depoſits an aerated lime, of about 


T1755 its own weight, which to the eye, aſſiſted 

by a glaſs, frequently exhibits the ſpathaceous 

figure (a). | 
te 


(a) M. de Sauffure has a curious obſervation relative to 
this ſubject:—he was analyſing a ſulphureous ſpring in the 


neighbourhood of Geneva. A lucky accident,” ſays he; 


the calcareous earth held in ſolution by this water. I h 
been trying to ſeparate by the filter the ſulphur, which in 
the courſe of a few hours precipitates ſpontaneouſly, and 


* preſented me with a new and curious obſervation ra 


renders the water turbid. 1 afterwards put that which 
| had paſſed through the filter, and was rendered limpid, in- 
to a large bottle which had a ground topple. It had re- 


ined quite full for a year in the ſame place of my ſtudy, 

en | wanted it for ſome other purpolez but before I | 
threw away the water, I was deſirous of ſeeing whether it 
had undergone any change. At the bottom I perceived a 
ſpecies of conferva of a green colour. In order to inſpe&t 
this plant more minutely, I half emptied the bottle, and 
then ſhook it; in order to diſengage the plant; which, not- 
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- It may perhaps be ſaid, that it is in the fire the 


me acquires its ſaline properties; many are ſtill 


of that opinion; and it is certain, that this theſis 
may be ſo explained as not to contradict the ſyn- 


theſis and analyſis above deſeribed: for, ſay they, 


the whole difference * nde lime __ 


in the mean time I Lak a great OR of oy: mi- 
ning, oblong, and narrow laminæ, floating in the water, 
vrhich drew all my attention. Having collected them care - 
fully, I found that the longeſt were about half an inch in 
length, ander in breadth, and of the thickneſs of a ſheet 
of paper. e microſcope ſhewed them to be formed by 
the junction of ſeveral tranſparent cryſtals, of which the 
prominent ſummits had the ſhape of a triangular pyramid, 
and exactly reſembled the ſpar commonly called pig's tooth 
ſpar. I further found that theſe cryſtals were entirely ſoluble 


with efferveſcence in the nitrous acid, and that with the vi- 


triolic acid they conjpoſed ſelenite ; ſo that I could not doubt 


that they were real cryſtals of calcareous ſpar. 


By ſcraping the bottom of the bottle, a concretion like. 
tartar was detached, which I found to be compoſed of ſmall - 
cryſtals of the ſame ſhape and nature as thoſe juſt defcribed; 
but the laminæ formed by their junction, inſtead of being 
ſtraight, were variouſly reticulated. 

It was known before, that earthy cryſtals might be 
obtained by the evaporation of water, holding chalk in diſ- 
ſolution by means of fixed air. This intereſting diſcovery 
belongs to Mr Achard of Berlin ; but I believe there is no 


| inſtance on record of ſuch cryſtals formed in the water with- 


out the aid of evaporation, This fact, however trivial in 


appearance, ſeems to me of great importance with reſpe& 


to the theory of the formation of the mountains in the midſt 
of the waters.” B. 


SY quick 


— 
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quick lime does not depend upon the 8 or 
abſence of fixed air and the water of cryſtalliza- 


tion; for the lime receives in the fire the matter 


of heat (6), (the fixed air and water being pre- 
viouſly expelled), by which the efficacy of its at- 
traction is in ſome degree diminiſhed; by this new 
union it is that it becomes ſoluble : ka the cau- 
ſticity is to be explained entirely upon the loſs ſuſ- 
tained by means of the fire, as we ſhall ſoon ſee. 


Terra ponderoſa, and all the alkaline ſalts, in the 


ſame way receive the matter of heat; and hence 
we underſtand how, by a double elective attrac- 
tion, lime, diffolved in acids, and precipitated by 
cauſtic fixed alkali, is entirely ſimilar to lime pre- 
pared by fire, and ſlacked in water. The heat 
which new-burnt lime generates with water indi- 
cates no more than a looſe adherence of the mat- 
ter of heat, which is repreſſed, - and prevented 
from producing ſenſible heat, nearly in the ſame 
way as the properties of acids are rendered latent 
TY their union with _ L but e the acceſs 


(3) Numberleſs phænomena, akich\ we cannot here con- 
ſider, evince beyond a doubt that heat is the effect of a cer- 
tain material ſubſtance.It is ſufficient here to obſerve, that 
the ſubtile matter of heat occurs in two diſtin ſtates; ei- 
ther it is at liberty, in which ſtate it pervades all bodies, 
ſo that all attain the ſame temperature; or it is fixed by at- 
traction, and does not exhibit ſenſible N 15 until ſet _ 


by ſome more 0 Aetractin. 


Gor nw, of 


'\ 
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of a ſufficient quantity of water, the matter of 
heat is immediately ſeparated by means of a 

ſtronger attraction, and, being thus ſet at liberty, 
communicates ſenſible heat to the ſuperabundant 
Water (c). If the lime be gradually ſlacked by the 
' moiſture of the ſurrounding atmoſphere, no ſen- 
| fible heat is generated: but we muſt take parti- 
_ cular notice, that lime, which generates heat with 
water, is ſcarcely deprived of all its fixed air; for 
the intimate nucleus, at leaſt, is found ſtill to ef; 
ferveſce with acids; and if this reſiduum be ex- 
pelled, the lime becomes as it were dead and in- 
ert; and, although ſtill ſoluble in water, it nei- 
ther ſplits in ſlacking, nor occaſions any heat. It 
may be here aſked, How it comes, that by the in- 
tenſity of the fire the faculty of heating is loſt, 
while the ſolubility. remains ?—This is perhaps 


owing to the yehemence of the fire, to which the 


greateſt part of the matter of heat, being very vo- 
latile, is obliged to yield. 'The workmen reje& 
lime which is too much burned, as being uſeleſs, 
as it does not fall into powder, which is neceſſary 


(c) Of all this there is neither proof nor probable pre- 
ſumption. The heat in this caſe proceeds from the water, 
which, in conſequence of the attraction of the lime, be- 
comes ſolid, and muſt therefore give out that heat or fire 
which, as we are taught by Dr Black, conſtitutes its liquid 
ſtate. There is flo fact which might lead us to ſuppoſe, 
that a great quantity of (mes is fixed or rendered latent by 

quick - lime, | 


for 
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for mixing it; whereas lime leſs burned, bs the 
inſtant of ſlacking, breaks into a powder: for in 


the latter eaſe, the greater part of the fixed air bę - 


ing expelled by the burning, the bulk of the lime 
is indeed much contracted; but it yet remains ot 
a very ſpungy texture: water poured upon this 
readily penetrates it, ſets at liberty the hidden par- 
ticles of heat; and being by that heat reſolved 


into vapour, breaks the whole maſs to pieces, and 


reduces it to a fine powder, Lime, as well as 
terra ponderoſa, and magneſia, and alſo the al- 


kaline ſalts, when cauſtic, even after extinction in 5 


water, produce heat on mixture with acids, the 
reſiduum of the matter of heat, which water alone 
was unable to expel, being ſet at liberty; but theſe 


ſubſtances, being eryſtallizeq, produce no heat 
with acids (d). 


A 
hed 
v4 


(4) © When chalk, cryſtallized vegetable alkali, Kc. 
are diſſolved in concentrated acids, a very conſiderable heat 
is produced, a phænomenom which naturally ought to ap- 
pear ; becauſe, without attending to the fixed fire, colliſion 
always produces | heat. As the ſum of the ſynchronous col- 
lifions is far leſs conſiderable, when diluted acids are em- 


ployed, the cold occaſioned by evaporation. compenſates, 


or even ſurpaſſes, the heat produced, as I have proved in 


| the 2d vol. of the Dijon Mem.” Morveau,—— Having ne- 
ver ſeen the relation of theſe experiments to which M. de 
M. alludes, and on which his opinion is founded, I cannot 
well judge concerning its validity : I am, however, ſome- 
what inclined to ſuſpect it; for if the heat produced by 
C4 the 
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All the circumſtances mentioned in this ſection, 

as well as the preceding, ($ v11.—x.), being con- 
ſidered, or, for fuller eonviction, being often put 
to the proof, I doubt very much whether cauſti- 
city can with propriety be derived from any ad» . 
ventitious matter, eſpecially as it may be explain= 
ed ſimply and plainly by elective attraction, a 
power to which all bodies on this globe are found 
to be obedient; for the purer any matter, the 
more powerful is its effort towards an union with 
other ſubſtances ; ſo that in this ſtate, acting with 
undiminiſhed hee it ſeizes with the W vio 


the collifions be compenſated or ſurpaſſed by evaporation, | 
when a weak acid is uſed, an effect not very diſſimilar 

- ought to follow, when a mort concentrated one is uſed ; for 

in this caſe, the collifions being more numerous and inſtan- 

taneous, the evaporation,: and conſequently the quantity of 

| fire carried off in vapour, ſhould likewiſe be more confi- · 
derable: beſiges, it is ſcarce credible that the cold produ- 
ced in ſome ſolutions can be owing to evaporation, it is 
ſo intenſe. I am therefore much more inclined to attri- 
bute, with Dr Black, the production of cold to the con- 

| verſion of a quantity of abſolute into latent heat. B. 

To this it may be added, that the ſolution is not Mor- 

_ yeau's, but Newton's ; and that it reſts upon a theory not 
received by Morveau himſelf, viz. That heat conſiſts In a 
tremor of the particles of bodies: wherefore the French 
annotator is neither original nor conſiſtent. The ſolution 
of the problem is perfectly eaſy upon Dr Black's prin- 
eiples. The combined bodies attract leſs fire than in their 
ſeparate ſtate ; and therefore a quantity of that walked was 
before | latent muſt e * | 


lence 


RR 
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| le thoſe ſubſtances with which it has an affini- 
ty, and, if powerful enough, diſſolves their for- 
mer connection: hence it exerts a violent acrimo- 
ny; but as it is gradually ſaturated, its force be- 
comes weaker, until a full ſaturation taking place, 
all this corroſive faculty vaniſhes, and can no other 
way be reſtored, than by expelling the ſaturating 
matter. The matter of heat rathey repreſſes than 
quickens cauſticity : it, however, repreſſes it but 
imperfectiy; and hence the preſence of cauſticity 
always indicates a powerful attractive effort, toge- 
ther with the abſence of the ſubſtances for which 
the cauſtic Ss ae a e violent attrac 
tion op” E 
It: 


(e) © The more chymiſtry is improved, the more nu- 
merous and cogent will be the proofs of this theory. But 
I will here add a few remarks to thoſe upon g vii. — 1. as 
quick lime cannot be deprived of all the fixed matter of 
heat, it cannot be affirmed that its properties, in this ſtate 


of combination, belong excluſively to one of its conftitu- 


ent parts; 2. it is certain, not only that compounds, 
quatenus compounds, have their peculiar affinities; but it 
is beſides certain, that, in ſome caſes, theſe affinities can 
be exerted only on compounds. Mr Bucquet has obſer - 
ved, that quick lime does vt flack in fixed air, but it 
may be inſtantly flacked in aerated water: which proves, 
that water is a neceſſary intermede to the union of the 
gas; 3. the inertneſs of burnt lime ſeems very difficult to 
be explained. Sir T. Bergman's. conjecture appears re- 


pugnant tg the general law; according to which, every 


body 


CY . 
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It has already been ſaid, that the b 
* of acrated lime is that which is called ſpa» 
| 791 en, 


| body that cools in any fluid always retains a portion of 
: that fluid, as a cryſtallizing body always retains part of 
the liquor in which it was diſſolved. I ſhould therefore 
rather ſuppoſe that the violence of the heat muſt have de- 
ſtroyed part of thoſe principles which this earth derives 
from organized bodies, and which "conſtitute it calcareous 
earth.” Morvcau— l am ready to allow that the au- 
thor's conjecture is not very probable: but the annotator's 
ſeems alſo very vague and unſatisfactory, more eſpecially : 
if we conſider that there ſtill ſubſiſt doubts concerning 
the origin of calcareous bodies. M. Buffon, and there; 
15 fore, of courſe, the whole herd of French chemiſts and 
| naturaliſts, contend, that they are the product of the ac- 
cumulated ſpoils of marine ſubſtances. Mr Pallas and 
M. Sauſſure too, incline to this opinion: but a diſtinguiſh» 
ed naturaliſt has of late combated this opinion, with argu- 
ments of great apparent weight. * Calcareous matters, 
ſays M. de Luc, cannot bave derived their charaQteriftic 
properties from the ſpoils of marine animals; 1. becauſe 
thoſe ſpoils muſt neceſſarily have been leſs abundant du- 
ring the moſt remote times, and it was during thoſe re- 
mote times, that the moſt conſiderable accumulations of 
calcareous matter were made; 2. becauſe thofe great ac- 
cumulations, ſuch as the calcareous Alps, contain a far 
{ſmaller number of marine ſubſtances than many accumula- 
tions of a different nature; gg. becauſe calcareous matters 
have been found among primordial ſubſtances, that is to 
ſay, ſuch as are prior to all thoſe in which the probable ef+ 
fect of known cauſes can be recogniſed,” 80 far M. de 
Luc.—With reſpect to the change produced on lime by 
calcination, carried too far, is it abſurd to ſuppoſe that it 
may 
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thaceous : I have, I imagine, elſewhere fufficients 
ly explained how from this are farmed the grana: 


. 1 baſaltic, e Ar. 


8 *r. of — 


I is found. in ihe hops, 
although vulgarly called an earth, is yet of a fas 
line nature; for in a moderate heat diſtilled wa- 
ter is capable of diſſolving 44 of its own weight; 
and analyſis confirms this opinion, as it ſhews that 
the primary principles of magneſia, are a peculiar 
kind of earth ſaturated with fixed air and water. 
Common maghefia, by proper calcination, loſes 
©,55 of its weight, but a vehement and long-cons 
tinued fire diſſipates ſome what even of the earthy 
baſis; by flaw. efferveſcence in acids, only o, 23 
are loſt: hence it appears, that 100 parts of mag» 
n gl ant 25 of wt 30 of n. 


„„ 
gy to an incipient vitrification.? But in queſtions of {a 
great obſcurity, there are no bounds to the licentiouſ- 
neſs of conjecture. B. The inertneſs of lime is cer- 
tainly often owing to an imperfect vitrification; and the 
imperfect vitrification to the impurity of the limeſtone, or 
to the admixture of clay, But, I believe, there are in- 
ſtances of lime lacking without that degree of heat which 
is generally obſerved. I know not if this depends on the 
ſame cauſe. 
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and 45 of pure magneſia, which appears to be 4 
true earth; at leaſt, although blended with the 
matter of heat, I have never yet been able to dif 


ſolve it in water. Magneſia fully ſaturated with 
air, and cryſtallized, in 100 weight, contains 


30 lb. of fixed air; the vapour which is expelled 
either by fire, or acids collected by the methods 


deſcribed 5 11. and examined, exhibits all the 


marks of fixed air; in this inſtance the collection 
of the elaſtic vapour expelled by the fire in the 
bottle (F 11.) is attended with the leſs trouble, 48 
it is more looſely connected with the magneſia; ; 


bene it adhęres very ſtrongly to lime, ſo as 


to require a more violent fire: hence, when lime 
is uſed, it becomes neceſſary to provide a glaſs of 
proper thickneſs, and very difficult of fuſion, and 


to ſurround it with powder of burnt bones, or 
gypſum, to prevent it from being fuſed. In ge- 
neral too, we may remark, that the greater 


the diameter of the body of the retort, the 


more difficult will it be to make the neceſſary heat 


penetrate to the centre; beſides it will be ne- 
ceſſary to increaſe the force of the fire conti- 
nually, for if it at any time is remitted, the tube 
c F E draws up the water; this inconvenience is 


ſomewhat leſſened by continuing the extremity G 


of the tube nearly to the bottom H of the veſſel: 
— have fitted up common tobacco-pipes for this 

purpoſe, and found them very convenient. 
The greateſt part of the magnefia which is 
found 


* 
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found in the ſhops is prepared by precipitation 
from Epſom ſalt; but if the alkali made uſe of be 


well eee with air, the precipitation wil! 


be ſmall, particularly in a large quantity of water; 
for the fixed air, expelled from the alkali by the 
vitriolic acid, attacks the deſerted magneſia, and 
diſſolves it; but by a boiling heat the ſuperabun- 


dant volatile menſtruum is diſſipated, the magne- 


ſia is brought to the point of e and * 
moſt all precipitates. | 


Water well ſaturated with fixed air ; diſſolves, in 


a moderate heat, about 2 of its own weight of | 


common magneſia, and double that quantity, if 
as a precipitate. This ſolution turns 
the tincture of turnſole red, but heightens that of 
paper ſlightly tinged by it; makes paper tinged 
with fernambucum blue, but ſcarcely obſcures 


the yellow colour of turmeric (for reaſons aſſigned 


below, I do not make uſe of ſyrup of violets); 
upon the addition of an acid, innumerable bubbles 
appear: pure fixed alkali precipitates an earth 
which does not efferveſce with acids, provided the 
alkali be uſed in quantity ſufficient to take up all 
the fixed air, if in leſs proportion an efferveſcence 
takes place. If the alkali uſed be fully ſaturated 
with fixed air, it has no effect on the ſolution, 
unleſs the water be inſufficient to hold both dif 
ſolved, in which caſe the magneſia ſeparates. 
Pure volatile alkali alſo throws down a precipitate, 
but an efferveſcing one, as it can attract only the 
luperabundant 
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ſuperabundant air; with ſolution of eie thi 
Blimate it grows milky, and gradually depoſits a 
ſmall quantity of white powder; afterwards thin 


 Vlackiſh cryſtals concrete, compoled of mercurius 


dulcis, and a calx of mercury partially acrated. 
The ſmalleſt drop of a ſolution of inercury, made 


by heat in nitrous acid, occaſions a copious yel- 


lowiſh brown precipitate : but the ſame ſolution, 
made without heat, yields a white powder, which 
after ſome days grows greyiſh, as in this caſe the 
metal has loſt but alittle of its phlogiſton. Theſe 
changes may perhaps be aſcribed to a mixture of 
alkali adhering to the precipitate of corroſive ſubli- 
mate, and which cannot be waſhed away: but 
this ſuſpicion ſoon vaniſhes, for magneſia has the 
ſame effect, whether it be precipitated by fixed or 
volatile alkali ; and beſides, precipitates occaſion« 


ed by volatile alkali, diſappear in a few minutes, 


while thoſe which depend on magneſia are perma- 
nent. | g | 


$ Kit. Aerated Clay. 


Fixed air ſcarcely ever attacks pure clay, that 
is, the earth of alum dry and compact; yet the 
precipitation of alum by aerated alkali ſhews that 
it docs not altogether refuſe to unite with it, 
when ſufficiently fine and comminuted ; for the li- 
quor, well filtrated, although clear, after ſtand- 
ing a few days in the open air, and in a degree 


| of 
35 


— 


ST © S- © ST O76 OI. Oe”. ne.” 


or 'THE AERIAL ACID: 7 


of heat ſufficient to expel the fixed air, gros 
turbid, and by degrees depoſits a ſmall portion of 
earth, which had been ſuſpended by the volatile 
menſtruum (g). Common clay, expoſed to yio- 
lent heat, gives out a quantity of fixed air ſeveral 


times greater than itſelf in bulk, mixed with 4 
ſmall portion of inflammable air, which comes off 


by the firſt action of the fire. | 
We have already compared (S vrt r.) the hs 


line falts, with reſpe& to the quantity which will 


ſaturate equal parts of the fame acid; we ſhall 


here add numbers proportioned to the weights of 
the different earths diflolved by the lame meaſure 
of marine acid : 


pure cla, 1 
pure magneſia 23,2 aerated 557 
pure lime, = 3,5 acrated 6,0 


pure terra — 8,7 acrated 13,8 


7 tg) Profeſſor Schreber, in à Collection of which he 16 
the editor, (Naturforſcher, ſt. t5.), deſcribes experiments | 
upon a ſort of lac lunz, found near Halle, from which it 


appears to be argillaceous earth, ſaturated with aerial acidg 


and mixed with a very ſmall quantity of calcareous earth. 


But there are ſubſtances to which this denomination is gi- 
ven, which certainly contain no clay, as any one may con- 
vince himſelf, by examining the lac lun that appears upon 
the face of the baſaltic rock, called Saliſbury Craig, near: 
Edinburgh. And Mr Kirwan ſhould not have repreſented 
lac lunz as clay Jotereted with aerial acid; (Mineralogy, 

p- 71. 72+) without annexing ſome caution reſpeRting the 
ambiguity of the appellation. 
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Here follow the weights of abſorbent earths, which 
can unite with 100 parts of aerial acid: | 


pure magneſia, 1 ON 50 (8 x11.) 
pure line, 162 (F xl.) 
pure terra ponderoſa, 926 (Fx) 


Therefore the law demonſtrated (5 v111.) of alka- 
line falts alſo holds good of earths. 
Silecious earth eludes the force of fixed air, 
and all the other acids, except that of the mineral 
fluor. The more ſimple earths, therefore, being 
now conſidered with relation to the aerial acid, we - 
go on to the metals. 


- 


& x1v. 


As far as I know, fixed air alone, in its elaſtic 
Nate, does not diflolve nor even corrode any me- 
tal, unleſs perhaps during calcination ; but when 
united with water it attacks ſome of them. Let 
iron-filings be put into aerated water, let the bottle 
(well ſtopped and inverted) be ſet in a cold place, 
and in twenty-four hours a portion of the iron 
will be found diſſolved, ſo that the water will 
ſtrike a purple colour with (Ii) tincture of galls, 
make ſyrup of violets green, and form, with phlo- 


659 I cake uſe of ſpirituous FL as it is more ef- 
ficacious than the * 88 and can be kept uncor- /- 
rupted. 

giſticated 


—_— 


iP 


1 


giſtieated alkali, Pruſſian blue. If this ſolution be, 
expoſed to the open air, the ſurface which firſt 
loſes the menſtruum exhibits a party-coloured pel- 


- licle, compoſed of particles of iron, reduced to 


ſuch tenuity as to reflect different colours; by de- 
grees all the iron is ſeparated in form of a ſubtile 


ochre, which; amounts to nearly +444 part of 
the weight of the water, and when freſh retains 


ſo much of the principle of inflammability as to 
obey the magnet, and be ſoluble in the mineral 
acids: Cauſtic alkali; whether fixed or volatile, 
ſeparates this metal from the water, but when 
fully acrated has no effect. 


Water, impregnated with the fixed air expalſed 


by heat from magneſia or calcareous ſpar, or that 


collected from fermenting ſubſtances, ſcarcely 


takes up any calcined iron, except at the- inſtant 


of its precipitation, when it is ſcarcely obedient to 
the magnet; but if the ordinary method of effer- 


veſcence without waſhing be employed, the water 
is always contaminated with vitriolic acid; moſt 
commonly, indeed, ſo- ſparingly as not to change 
the colour of ſyrup of violets diſtinctly, though it 
reddens paper tinged with turnſole, which water 
loaded with pure fixed air is never able to do 
(S vi. ); and beſides, a drop or two of ſolution of 
terra ponderoſa in the nitrous or marine acids, 


acts as a very certain teſt, and by a flow-congru- ; 


mation detects even the ſmalleſt traces of vitriolic 
acid, which cannot ſo well be diſcovered by any 
Vol. I. . - other 
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altar means yet known. | I am the mote certain 
that this mixture is moſt commonly the cauſe of 
the ſolution of iron calx, as I have often, by add- 


ing it, produced this effect, which water fully 


acrated was unequal to z—during calcination, in- 
deed, the iron ſeems to unite with fixed air, but 
water can ſcarcely take AA that REAR 1 2 


8 XY: Aerated Zink, 
Aerkted water will difſolve Zinc very PR 


Either in its metallic ſtate, or calcined by the pro- 


. ceſs deſcribed in the foregoing ſection. The me- 


tallic ſolution, expoſed to the open air, ſoon ſhews 
its ſurface, covered with party-coloured atoms of 
zinc; whereas, that which contains the calx ap- 
pears more obſcure, with leſs variety, and leſs re- 
ſplendency of colour. The pellicles which earthy 


and metallic bodies diſſolved by aerated water 
yield, on expoſure to open air, nearly agree with 


thoſe which appear upon evaporating ſolutions of 
other ſalts, as in both inſtances the neceſſary 
quantity of menſtruum becomes firſt deficient on 
the ſurface. 

Alkali, when rerfely le, as alſo tincture 


| of galls, and phlogiſticated alkali, precipitate 'the | 


metal of a yellowiſh aſh colour. Alkalis fully ae- 


rated produce no effect; but as thoſe in common 
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1 XVI, * Manganeſe.” 


That ſemimetal which is found in the magneſia 


nigra, or glaſs-makers'magneſia, and which ſeems 


to be diſtin& from all the other ſemimetals hither= 


to known, I call manganeſe, Aerated water 


takes up the black calx of this metal, but far more 

copiouſly the regulus, in ſuch a manner however 

on it alſo takes up the iron which is mixed with 
If the regulus be employed, the ſolution dif- 


fakes a particular ſmell, not unlike that which 
proceeds from burned. fat; but the precipitate 


and pellicles are the ſame as above deſctibed, ex- 


_ cept as to colour, which is generally influenced by 
the preſence of iron : moreover, phlogiſticated 
alkali precipitates pure manganeſe of a yellowiſh' 


white, and tincture of 99 ae ar} om W | 


On at 


>. 
f 


| ) XVII. Union f Fixed Air with ather Me- | 
| tals attemprec. i 1 


The metals above-mentioned are eaſlly ache 
by acrated water; whereas ſome of the others 
cannot unite with it, except when divided, as in 
the very inſtant of precipitation; and moſt of 


them cannot, even by this artifice, be brought to 


do ſo. The following metals I put into acrated 
ts and kept chem! in bottles well ſtopped and 
"Fa." inverted, 


2 "Mn 
R's POET * cyt 
* _ 
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inverted, in a cool place, for cight days, at the 
end of which time 1 examined them: viz. gold 
leaf, aurum fulminans, platina, filver leaf, mer- 
_ turbeth mineral, granulated lead, calcined cops 
per, granulated copper minium, ceruſſe, leaf tin, 
calcined tin; as alſo the ſemimetals biſmuth, 
nickle, arſenic, cobalt, and antimony, both re- 
guline and calcined ;——the water of cach bottle 
was filtered through paper into a ſeparate veſſel, 
and was found ftill to retain all its fixed air, for it 
reddened the tincture of turnſole as before; but 
molt of them ſhewed no figns of ſolution having 
taken place, The biſmuth indeed, the cobalt, 
and the antimony, both reguline and calcined, as 
alſo the regulus of arſenic, in the open air, ſhew- 
ed exceeding thin party- coloured pellicles, which 
could hardly be obſerved; but on the addition of 
cauſtic alkali, they exhibited flight clouds, and 
produced, with tincture of galls, a violet-coloured 
precipitate, ſo that I could ſcarcely doubt but 
_ theſe phænomena were owing in a great meaſure 
to an admixture of iron : yet pure cobalt, as well 
as niekle, gave ſome tokens of being diſſolved, 
but theſe tokens I hold to be ſtill ambiguous. 

I tried gold leaf- in another way, but in vain; 
namely, I put into diſtilled water, along with the 
leaf, either the calcareous ſpar, or aerated alkali, 
then by degrees 1 poured in vitriolic acid, fo as 
not to produce a full . yet after ſome 


days 
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days T found no ſolution had taken place: once 
indeed, when I uſed chalk and common water, I 
faw ſome veſtiges of a ſolution ; but upon exa- 

mining more accurately, T found a little marine 
acid in the chalk, and diſcovered lime diſſolved in 
nitrous acid in the water, from whence a ſmall 
portion of aqua regia had been generated. The 
vitriolic acid itſelf is frequently found to contain 
a portion of nitrous acid, which is uſually em- 
ployed to diſcharge its brown colour: The moſt 
extreme caution is neceffary to avoid being decei- 
ved by adventitious circumſtances. | | 

But, becauſe the metals were tried in this way 

in vain, we are not to affirm that they cannot be 
united with fixed air, for perhaps it might be 
done, if they were minutely divided by precipita · 

tion; I examined this ſuppoſition in the following 
manner: To the ſolution of a metal in its proper 
ſolvent, diluted with a ſufficient quantity of diſtil- 
led water, I added, by degrees, either acrated 
vegetable alkali, magneſia, or calcareous ſpar ; 
the ſaturation being completed, I kept the bottles 
cloſed and inverted, in a cold place, for ſome days, 
and then examined the water after filtration: I 
avoid making uſe of chalk, which is often mixed 
with marine acid, and therefore in certain caſes 
might occaſion confuſion ; with. crude liffic, the 
ſaturation is obtained very flowly, eſpecially if the 
menſtruum be vitriolic acid, partly becauſe the 
ſurface, aſſuming a gypſeous nature, defends the 
n internal 
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internal particles, partly becauſe the laſt portion 
of the acid can only meet with the chalk at the 
bottom of the veſſel, unleſs the liquor be frequent- 
ly ſtirred; while, on the contrary, the magnefia, 
and eſpecially the alkali, by their ſolubility, are 
Tpontaneouſly diſperſed through the whole mals: 

magneſia, however, is beſt, inaſmuch as, though 
it diſſolves ſpontaneouſly, yet the ſolution goes on 
fo ſlowly, that the water has time to take up the 
| greateſt part of the fixed air, as it is expelled ; 
whereas, when the efferveſcence is violent, a 
great number of bubbles riſe to the ſurface, and 
fly off. 

By this method, beſides thoſe metals formerly 
enumerated, which may be directly diſſolved in 
acrated water, a ſmall quantity of gold appears to 
be taken up, but that in ſo ambiguous a manner, 
that, upon examination, I am ſtill undecided. 
Gold is precipitated from aqua regia very ſlowly, 
by magneſia and by lime, and but imperfectly by 
Alkalis, as a part of the precipitate is rediſſolved by 
the precipitant; ſo that the liquor can ſcarcely be 
diveſted of its yellow colour. The ſolution of 
gold, which with tin depoſits a purple powder, 
does not hold the gold diſſolved by the fixed air 
alone; for, to occaſion à precipitation, it is ne- 
ceſſary that there ſhould be preſent a menſtru- 
um ſuch as may be able to take up the tin — 
which acrial acid cannot do. 
"Ik ſubjected ine filyer, mercury, lead, 5 
the 


-þ 


or THE e ACID. | 5 5 
the other metal and ſemimetals, to gallen e expe- 
riments; but the event was the ſame, and I 
found no certain tokens of ſolution. That ceruſſe 
| thould refuſe ſolution by the medium of fixed air, 
ſurpriſed me, eſpecially as it is itſelf nothing more 
than an acrated calx of lead, and therefore diſ- 
ſolves in acids, with efferveſcence, and the va- 
pour which is expelled poſſeſſes all the properties 
of fixed air. In this experiment I employed ce- 
ruſſe perfectly free from chalk.—In like manner 
ſilver, mercury, copper, tin, biſmuth, nickle, and 
the other metallic ſubſtances, diſſolved in acids, 

and precipitated by aerated alkalis, take up the 
fixed air, but yet cannot by its means be diſſol- 
ved, except that when the acid is ſuperabundant, 
before the precipitation, a ſmall portion of copper 
is taken up; —a complete precipitation is with dif- 
ficulty obtained by lime and magneſia, though 
uſed in large quantities. The metallic ſalts always 
redden paper tinged with turnſole, a property 
which it is extremely difficult to repreſs oy means 
of the above-mentioned earths. 1 


. 


F xvi. | Hflanmabl Matters 5 attrath 
+ th ed air. 


The common acids frequently attack inflam- 
mable bodies with peculiar avidity, as is well 
known; although the union of an acid with pure 
W (which is commonly * folph ur) 

D 4 takes 


: 
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takes place but in few of them fixed air alſo pol. 
ſeſſes this ſame property. If the bottle Q x, filled 


Vith fixed air, be plunged with its mouth under 


ſpirit of wine, the ſpirit will be found to abſorb, 
in a temperature of 100, double its own bulk of 
fixed air Let the ſame experiment be tried with 
olive oil, and it will be found that it will abſorb 
an equal, nay ſometimes a greater, bulk than its 
own; fo that a ſtratum of oil floating upon water 
is of little uſe, as it ſcarcely, if at all, retards the 
abſorption of fixed air. Oil of turpentine abſorbs 
nearly twice its own bulk, and that in the beginning 
with ſuch avidity, that in the firſt half hour about 
2 fourth part of the fixed air diſappears. | Ether 
does not diminiſh fixed. air, but expands it near- 
ly to, a double volume; however, if this vapour 
be again paſſed: through water, it reaſſumes its 
original quantity and quality, ſo that the extrane- 
ous mixture preſent in this caſe cannot effect a 
permanent change. 
Fixed air is not without difficulty tbe 
with pure phlogiſton (yet they appear united in 
charcoal) (g); and perhaps this union may alſo 


G) © As charcoal neceſſarily contains a portion of 
earth, it ought, I think, to be conſidered as an hepar, or 
ſalt of three ingredients ; ; beſides, neither the phlogiſton nor 
the fixed air are quite pure; the former is in the oily tate, 
and it is probable that the latter is only a conſtituent part 
of a mere compound acid.” Morveau.—This (I fear con · 

Rs oo _ 
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be effected by electric ſparks drawn quickly 
through it, by which means the fixed air is fo 
loaded with phlogiſton as to reje& an union with 
water: if the fixed air which olive oil holds 
united with it be again expelled by fire, and re- 
ceived in a veſſel, it is found either to a certain 
degree changed, or mixed with heterogeneous 
matters; for it can now ſuſtain flame, and is al- 
molt. elan water 9 


5 xx. 


jeQural) 8 ae ne we 
attention, if the reſult arifing from ſome nopubliſhed ex- 
periments made by Dr Prieſtly may be admitted. That 
indefatigable philoſopher is ſaid to have converted almoſt 
the whole of a quantity of charcoal into inftaramable air, 
by throwing the focus of a lens upon it. This fine experi- 
ment will very much contribute to {ſupport the opinion, 
that inflammable air and phlogiſton are only different mo- 
difications of the ſame ſubſtance 3 an opinion very inge- - 
niouſly maintained by Mr Kirwan "has a late vol. of the 
Phil. Tranf,, B. 

But it is now a matter in diſpute, whether charcoal con- 
tain any inflammable air at all. Dr Prieſtly could not ob- 
tain any without water, which is now known to yield it. 
This doubt cannot be finally reſolved, till the tottering 
ee of en „n mem | 
firmo tals. 

(4) * If theſe experiments be joined to thoſe related in 
the Elem. de Chemie. Dijon. vol. i. p. 334. and vol. iii. 
p. 384. &c. it will be evident that our knowledge of the 
combinations of fixed air with imflammable ſubſtances, 
and in particular with oils, is very deficient: it ĩs not, for 
eigen eaſy o 


lies, 
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5 xXIx. Fired Air precipitates. Bodies F difſolued 
in pure Alkalis, 125 


It is a known property of acids, that they pre- 
cipitate bodies diſſolved in alkalis; and the ſame 


may be done by fixed air. 


lizes, when immerſed in oils, whether eſſential or expreſſed, . 
without altering their ſenſible qualities; why cauſtic alkali 
reduces them to the ſtate of ſoap, while their rancidity 
ſeems to ariſe from the loſs of fixed wir, fince it is cor- 
rected by the reſtitution of this fluid; and laſtly, why 
quick lime ſlacks in oils but very ſlowly and imperfectly. 
Tube ſolution of theſe problems will certainly lead us to 
the diſcovery of ſome important truths.” Morveau.—The 
ſolution of the laſt problem would not perhaps be very dif- 
ficult, if we may aſſume, with Profeſſor Bergman, that in 
quick lime calcareous earth is united with fixed fire; and 
with Stahl, that fixed fire is phlogiſton; a liberty, how- 
ever, for which I would not very ſtrenuouſly contend. As 
oils are already ſaturated with phlogiſton, they muſt be 
. -- incapable of taking it from quick lime, and therefore this 
ſubſtance can only loſe ſuch a portion as can be tranſmit- 
ted through the oil into the air. If ſuch an explication of 
the phznamenon was admiſſible, it would ſeem to follow, 
that quick lime cannat ſlack in fluids ſaturated with the 
inflammable principle. Sed hoc ariolari eff. 

Tube reader will not perhaps be diſpleaſed, if I tranſcribe 
the paſſages referred to by M. de Morveau, eſpecially as 
they are to be found in a work not dex en to be 
met with in this country. 

Oils cannot unite with alkalis, unleſs they be peeſifhs 
. mute; but if deliqueſcent alkali be poured into gil, | 
152 


* ay —ů 0 ⏑ſ]8 F 


ON ——ů — ce ; 


1 fulphur, diffolved:i in lime-water, be expo» 


| {ed to fixed air in the bottle Q R; immediately 
the en grows ws n a lime which 


en. 


und the veſſe! aa for ſome time unſhaken, very fine cry- 


ſtals, in the ſhape of parallelopipeds with oblique angles, 


will be formed at the bottom. They form alike in unctuous 
oil, in eſſential oil of turpentine, and ſtill better in animal 


oil. Now, as the heavier alkali falls to the bottom of 


the veſſel, we muſt infer that there is an affinity between 
the oil and fixed air; whether it furniſhes alone that which 


is attracted by the alkali, or receives, at the ſurface which 


is in contact with the atmoſphere, a quantity equal to that 
which it is obliged to yield to the ſuperior attraction of 
the alkali. 


* As the rancidity of oils is occaſioned by the diſſipation 
of the fixed air that formed a conſtituent part of them, this 
alteration may be prevented by reftoring as much as they 


have loſt. The Abbe Rozier obſerves, that if a ſpunge, 


imbibed with a ſoft paſte of alum and abſorbent earth, be 
kept at the bottom of a veſſel containing oil ; as the ab- 


ſorbent earth has a greater affinity with vitriolic acid than 
clay, a flow decompoſition of the alum is effected, and a 


new falt is formed; but in every ſuch combination & con- 
fiderable quantity of air is extricated, which, as it eſcapes, 
will mix with the oil, and prevent rancidity : in like man- 


ner ranced oils may be recovered by reſtoring the fixed air. 


M. Sieffert has given a very good proceſs, in which he 


employs air extricated 36 fermentation: it conſiſts in mix - 
ing with the altered oil yy of apples, plumbs, or ſtraw- 
| berries, &c. reduced into a pulp; in ſetting. this mixture 
in a place where it will ferment; and aſſiſting it with a little 
honey, provided fermentation ſhould not go on with ſuffi- 


{ient rapidity : the oil, if drawn off 'after this proceſs is 
ober, 
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efferveſces with - acids, becauſe pure calcareous 
earth adheres more readily to fixed air than it 
0 to ſulphur. 

Hepar ſulphuris, prepared with fixed alkali, is 
 Uikemiſe precipitated, but fomewhat more ſlowly, 
as the acrated alkali is eaſily retained by the wa- 
ter, therefore in this caſe the ſulphur precipitates 
alone; beſides if (as is uſually the caſe) more al- 
kali is preſent than is ſufficient to diſſolve the ſul- 


| Phur, no turbidneſs is occaſioned, until the ſuper- 


abundant alkali is firſt completely ſaturated. 
The volatile hepar ſulphuris, which contains 


fulphur diſſolved in pure volatile alkali, and is 


commonly called the ſulphurated ſmoaking ſpirit 
of bejuin, is very quickly and ſpeedily rendered 
turbid by fixed air. No alkali, except when cau- 
ſtic, can attack ſulphur; and therefore, upon the 
acceſſion of fixed air, all the alkalis eee 
unfit for retaining it. 


Liquor of flints, in the open air, gradually de- 


poſing its ſiliceous earth; a depoſition which is 


quickly effected, if fixed air be made to float on 
its ſurface, and that the ſooner, as the alkali is 


leſs predommant. This is the reaſon why a ſolu- 
tion of alkali of tartar, although repeatedly fil- 


tered, 


over, will be not only reſtored, but improved; ſince oils 
naturally acrid may be brought, by this method, almoſt ta 
the mildneſs of oil of olives.” Elemens de Chemie. 
Dijon. B, | 
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tered, continues for a great length of time gra- 
ticles, which it has acquired either during vege - 
tation or combuſtion. The calciners of pot · aſhes 
ſometimes fraudulently add ſand, in order to in- 
creaſe the weight; which, during the operation, 
ſs unites with the aſhes, that the flinty matter, by 
means of the alkaline ſalts, becomes ſoluble in 
water along with them. This flinty matter after= 
wards gradually ſeparates, in proportion as the 
alkali is ſaturated with fixed air, with which this 
latter more willingly unites. Now, as the alkali 
is kept in a bottle with a narrow neck, and gene- 
rally ſtopped, it muſt receive the precipitating 
matter from the atmoſphere very flowly,—The 
ene ie therefore proceeds very gradually; but 
if it be diſſolded in a large quantity of water con- 
taining fixed air, or if, from the ſolution having 
been long made, it is ſufficiently loaded with fixed 
air, e N e at once In nog 
1133 e 
Soap 


| (4) Hence we learn what reſpect is due to M. Banm@'s 
books, concerning the cauſe of this depoſition; according 
to. him, it happens in conſequence of - a real decompoſition 
of the alkali, of which the conſtituent parts are far leſa in: 
timately united than thoſe of the acids. A portion of the 

| my pure fire, to which it is indebted for its ſaline pro- 
 perties, 
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becayſe the alkali is almoſt always ſuperabundant, 
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Soap is hardly decompoſed by fixed air, partly 


y becauſe this ſubtile acid among all known 
acids is the weakeſt, and is accordingly required 


in great quantity; for even of common diſtilled 


vinegar no {mall quantity is requiſite to ſeparate the 
oil from the alkali :; the apparent difficulty of this 


_ decompoſition is alſo occaſioned by this, that the 


ſmall oily globules which are gradually ſeparated, 


omg nen FF 
drops. 


Z Aerated as well as pure volatile alkali attacks 
copper; and hence it happens, that neither in the 
open air, nor by the addition of vitriolic acid, is 
this ſolution made turbid or precipitated. oy" 


Is Moe 


perties, is diſſipated, and a proportional quantity of earth 
is ſeparated, and falls to the bottom ;—this ſalt may be ea- 
fly decompoſed, by driving off the air and fire that are a- 
" mong its conſtituent parts: at the end of theſe operations, 
the earth and water, the other conſtituent parts, may be 
collected ſeparately. Chymie Exp. & Raiſonn. tom. i. 
p. 322.—Of M. Baumé's work, whatever merit the experi- 
mental part may poſſeſs, candour muſt allow, that it is too 
full of idle ſpeculations and groundleſs conjectures; and 
that the inexperienced reader cannot be put too much on 


a his guard againſt being miſled by ſuch falſe lights. I was 


defirous of an opportunity to introduce this caution, and 
to confirm it by an example, as M. Baume's Chymiſtry has 
been ſtrongly recommended to the attention of Engliſh ſtu- 
dents by Dr Watſon, in his popular Eſſays. 8B. 
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$ xx. The ſimple elective Attractions of fixed 
We have ſeen, in the foregoing ſections, that 
fixed air unites with alkaline ſalts, with earths, 
and metals, after the manner of an acid; it re- 
mains now to examine the different degrees of in · 
tenſity with which it attracts theſe different mat - 
ters. I mixed them in their pure ſtate with aera- 
ted ſubſtances, and kept them in diſtilled water, 
and in bottles which were immediately cloſed, 
leſt the - acceſs of heterogeneous matter ſhould 
render the concluſion ambiguous; I then accu- 
rately obſerved ſuch changes of weight and quality 
as could be ſubſervient to the end propoſed. . 

(4) I added aerated terra ponderoſa to pure 
vegetable alkali ; but after a few days neither was 
the former diminiſhed in weight, nor the acrimo- 
ny of the latter in the leaſt mitigated. Terra pon- 
deroſa, therefore, retains fixed air with greater 
force than the vegetable alkali. attracts it, which 
is alſo confirmed by mixing the pure terra ponde« 
roſa with a ſolution of the ſame alkali aerated; for 
then the terra ponderoſa is increaſed in weight, 
and becomes mild, and the alkali is rendered 
cauſtic. If vegetable alkali, perfectly pure, be 
added to water loaded with pure terra ponderoſa, 
no precipitation takes place; but if the alkali be 
q | | acrated, 
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aerated, immediately a turbidneſs ariſes, the alkali 
is rendered cauſtic, and the terra ponderoſa pre- 
eipitates aerated; but ſince; agreeably to its 
ſtrength (1), terra ponderoſa is ſaturated by a ve- 
ry ſmall portion of fixed air, we muſt determine 
the quantities to be mixed together (5 vir. viII I. 
x.); — now 100 parts of aerated vegetable al- 
kali eontain as much fixed air as is ſufficient to ſa- 
turate 390 parts of pure terra ponderoſa, if each 
of the materials be diſengaged (compare alſo 3.) 
All the eireumſtauces juſt now mentioned take 
place when lime is uſed inſtead of terra ponde- 
roſa, except the proportions, which in this caſe 
are, that 100 parts of aerated alkali cannot, with 
its fixed air, ſaturate more chan 68 pars of pure 
ume 

Let 263 parts of mineral alkali, newly ep 
lized, and 100 parts of pure vegetable alkali, be 
.diffolved together in '300 parts of warm water; 
then let the ſolution. evaporate over the fire, in a 
proper veſſel ; and let the pellicles which ſucceſ- 
ſively appear on the ſurface: be taken away, and 
collected in a cone of filtering paper, ſo as to be 
freed from the adhering cauſtic liquor; and let 
this be continued until the pellicles make up from 
150 to 200 parts; theſe, upon examination, are 
found to be the true vegetable alkali aerated; and 
the remaining lixivium contains the mineral al- 
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kak in ina caultic ſtate : hence we may eaſlly form 


a judgement concerning the ſuperiority of attracs 


tion between the vegetable and mineral alkalis. 


gz parts of aerated volatile alkali give over theit 


| fixed air to 100 parts of pure vegetable alkali, and 
aſſume a cauſtic nature, but the latter OY are 


more ſlowly decompoſed. © _ .. - A 


168 parts of aerated magneſia contain 8 
much fixed air as is ſufficient to urns: 100 parts 
of pure vegetable alkali. | 


We have already obſerved, that metals Afſolved 
in water by means of fixed air are nnn by 


cauſtic vegetable alkali. 
+ (B) What has been already ſaid of the vegetable 


alkali holds good with reſpect to the mineral, with 


relation to terra ponderoſa, lime, volatile alkali, 


magneſia, and metals, only changing the propor- 


tions; but it is in general to be obſerved, that the 


numbers coming out in any caſe, according to the 


principles already eſtabliſhed, only indicate accu · 


rately how much fixed air is ſufficient to ſaturate 


the ſubſtance employed, when at liberty; but as 


the operation proceeds much more eaſily at the be · 


ginning than at the latter end, the complete reſo · 


lution frequently requires double, triple, or even 


fir times the quantity of the decomponent. 

(c) Volatile alkali ſurrenders its fixed air, not 
4 to terra ponderoſa, lime, and fixed alkalis, 
but even to pure magneſia; for this laſt, being 
added to a ſolution of aerated volatile alkali, re- 


* Vol. 3 1 E Aauires 


: * 8 * 


5 


nor occaſions any change in lime · water; but 
when burned and diſſolved in water, it ſomewhat 
obſcures the tranſparency of the calcareous ſpar 
| added to it; but the difference of the attraftive 
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| guires the power of afferveſeing, and renders ut 
alkali pure. 


e eee 
yet been able tq obſerve, neither is itſelf changed, 


force of theſe bodies is ſo ſmall, that the prevas» 
lence of the terra ponderoſa is not yet quite free 
from doubt.—Magnefia moſt certainly e Out 
its fixed air to terra ponderoſa” 

Terra ponderoſa, diſſolved by ſuperrbundant 


fixed air, is precipitated by all alkalis, by pure 


lime, and pure magmeſia; all which bodies, by 
abſorbing the ſuperabundant menſtruum, reduce 
the terra ponderoſa to exact ſaturation, in which | 
ſtate it is indiſſoluble in water, $ x. 

(«) If acrated magneſia be put into water loads 
ed with pure lime, it foftens the acrimony of the 
hme-water, and a lime, poſſeſſing the property of 
efferveſcing, is at length found at the bottom, to- 


_ gether with pure magneſia. Lime, diffolved by 


means of the ſuperabundant fixed air, exhibits the 


| fame phænomena as the terra ponderoſa in the fame 


ſtate; for the menſtruum, when ſuperabundant, 8 

adheres more looſely than when it is ny ſufficient 

for ſaturation. _ 
(7) Pure SOLE is not foluble in-water, ſo 


far as is yet known; but if it be taken up by 


_— ©S 5 Means 
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means of fixed air, it is precipitdted by Alkalis, 
terra ponderoſa, and lime; When they are cau- 

- tic; the precipitate is ſametimes pure, ſometimes 

_ aerated, in proportion to the quantity of the pre- 
cipitant ;—<for the ſmall portion which can be ſa- 
turated by tlie ſuperabundant fixed air, reduces 
the magneſia to a ſtate of ſaturation; ſo that, be · 
ing rendefcd indiſſoluble, it falls for the molt part 


to tlie bottom, unleſs the quantity of water be 


large; and even the pure volatile alkali is able to 
effect this precipitation ($ x11:); although inferior 
in attfa&ive power (c). Terra ponderoſa and lime 
applied in the ſame way, being themſelves ſutura - 
ted, fall in like manner to the bottom; but if the 
firſt · mentioned ſubſtances be added in ſufficient 
quantity to the magneſia, they not only ſeize the 
ſuperabundant fixed air, but alſo that which is ne- 
ceſſary to ſaturate the magneſia, which therefore, 
in this caſe, is precipitated pure (6). | Metallic 
| bodies diſſolved by fixed air (4 xtv==xv1.) are 
precipitated by alkalis, or earths when cauſtic. 
grows turbid with pure volatile alkali ; but be- 
ing gently ſhaken, the clouds again diſappear, be» 
eauſe the volatile e ee fe Gangs 
"ins fellate, e ee ao To 
im the fame ſtate, do not at all diſturb the metal- 
Fe ſolutions, when newly made; but it they be 
"—_— ———— heat, ſo that 
22 . E 2. „5 8 
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Nan ul the fixed air ſhall have flown off, and the 
remainder adhere but ſlightly, a ſeparation is oc- 
caſioned, owing to the flight connection which 
now eee neee nn and the wa- 
ter. + 
* It is well known cle: zinc besen all the 
> es metals from menſtrua; and that this would, 
in the preſent inſtance, take place, I have no 
doubt, provided the quantity of fixed air could be 
ſo adjuſted as to be ſufficient only to diſſolve one 
of the metals; but this can hardly be hoped for: 
ſo long, therefore, as'the menſtruum is ſufficient 
for diſſolving two or more together, neither any 
ſeparation or precipitation will be obſerved. - I 
have added filings of iron to ſolutions of zinc, 
both in the ſtate of regulus and of calx; and a- 
gain, to ſolutions of iron I have added zinc, and 
after ſome days I have found the metals laſt added 
partly diſſolved, without any ſeparation of the for- 
mer. It may therefore be aſked, Why the acra- 
ted water does not take up the former to ſatura- 
tion, as we find that it can afterwards attack the 
latter? The following explanation appears to me 
to be moſt ſatisfactory:—Acrated metals are ſalts 
_ extremely difficult of ſolution, ſo that by expe- 
tience we find that only a very minute portion of 
them can be taken up by water; water, however, 
when ſaturated with one ſalt, not only does. not 
refuſe to take up more, but the preſence of many 
increaſes their mutual ſolubility; which may be 
OM Pa . iNuſtrated 
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illuſtrated by ſeveral examples: thus, when ſatu- 
rated with nitre, it will not only take up common 
falt, but, being fully ſaturated with the latter, will 
again diſſolve more nitre. In the preſent inſtance, 
this is the leſs wonderful, as we know for certain, 
that the firſt metal leaves untouched. a. ſufficient 
quantity of the menſtruum (fixed air) for the. ſo- 
| lation of the latter. 7 
- If, therefore, a table of affinities is to 5 — 0 
up for the metals, we have no reaſon for departing 
from that which belongs to the other acids; that, 
namely, which has zinc firſt, e next, and 
laſt iron. > 
: We deduce, e Won the „„ EX» 
3 periments, the following table of elective attrac · 
AxxrAL Acid, 
Pure terra ponderoſa 
— me  _ 
— fixed vegetable alkali ee 
E ——— fixed mineral alkali 25 
ö volatile alkali 
zinc | 
5 manganeſe 


iron. 


(u) With reſpe& to the acids hitherto known, 
I the zeriar appears to be the weakeſt; for it is ex- 
| | 5 | e 
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Pelled, not only by vinegar, but by the phlagitti. 
_ cated acids of nitre and vitriol. In the mean time, 
however, I have more than onee feen water load 

ed with the very pureſt fixed air (which had been 


extricated by fermentation, fire, or nitrous acid) 


quantities of the ingredients, and every other cir- 


cumſtance, in the fame way, no veſtige of turbid- 
_ neſs appeared. It is known that boiling vinegar 

takes up cerufle, and expels its fixed air. Per- 
| baps, then, old cryſtals loſe by age a part of the 


vinegar ; perhaps they are decompoſed by abun- 
dance of water, fo that the acrated water can take 


which altogether rejects water, but is diſſolved a- 


gain in the vinegar, without any viſible efferveſ. 
cence.—l leave this queſtion undecided, until I 
can explain the cauſe of diſagreement between theſe 
experiments: I do not make uſe of the vitriolic 
acid, as the very ſmalleſt Mixture ls that acid pre. 
rer acetated lead. 


$ Axt. 25 


Pure volatile alkali cannot prexigitats OY £ 


terra ponderoſa, lime, or magneſia, diſſolved in 
any common acid; but aerated volatile alkali ef- 
ſects ſuch a precipitation very readily : . al- 
though. the former, a er 
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appears to be the ſtronger, yet ſome perſons; from 
this cirtumſtance, (the true reafon- of which they 


do ndt underſtand)/ think it weaker. | But the 


truth is quite otherwiſe; namely, the volatile al- 
kali attradts: all acids with much leſs: force than 


lime (I take this inſtance only by way of ex- 


ampfe) z therefore, when that ſalt is pure or alone, 
vo decompaſition takes place; but if it be: impreg- 


nated: with fixed ait, then a fourth fubſtance is 
added, vbhich attracts the lime, ſo that the calca- 
teous falt is acted upon by a double force; one 
the attraſtion of the pure alkali, ſoliciting the acid, 


— 


he otlier that of the fixed air for the me; and 


theſe forces; joined together endete - _ 
alone the lime with the acid. : 


The fame is to be ſaid of as 3 | 
which in like manner decompoſes calcareous ſalts. 


- Beſides, although pure fixed alkaks"can) ſepa: 
rate acids from many earths, and from metals, it 


does not follow, that thisprocels may not be per- 
formed by a double decompoſition, hen the al- 


kalis employed are aerated. Hence that remark- 


able difference of weight which is oſten obſerved 


in precipitating the fame ſubſtance. Let 100 parts 
of calcareous ſpar be diflolved in an acid; theſe, 


precipitated. by cryſtallized fixed alkali, being ac- 
curately collected, waſned, and dried, yield near- 


ly ioo parts again, ſimilar in their nature and pro- 
perties. to erude lime. But if the operation be 


nnn “““ 


1 A 
by a i 2 


2 
2 
L 
- 
3 
* 
* 
. 
LY 
I 
Y 
1 
SK 
> 
F 1 
. 
7 
”, 
49 
X44 
"2 2 
4 
TY 
[i 2 4 
X 
4 T 
* 4 
* 
1 
33 
33 
2 
2 
* 
S \ 
b . 
33 
3 
E 
Y 
We 
22> 
-£ „ 
4 
1 
92 
LY 
= Pi 
/ | 
21 
4 
Las © | 
<4 
<8 
SY 
vo - 
4 7 
-2S 
F * -_ 
—4— 
2 


erer 
* bs 2 ; 
* * y * et 
e 
* 


712 
not be more than 0,55, and agrees in propentes 


ions of weight are to be attributed to the fixed 
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with burned and ſlacked lime; and the ſame is 


Te of all ſubſtances which in their natural ſtate 
abound with fixed air. Metals indeed differ in 
this reſpect; yet they too gain from aerated pre- 
_ cipitants a conſiderable increaſe of weight; for in- 


ſtance mercury 2, iron nearly an equal weight, 


and ſo on. Silver diſſolved in nitrous acid is more 
| eaſily precipitated by aerated than by cauſtic al- 


kali, and the precipitate is heavier. Theſe acceſ · 


air, which being expelled by the ſtronger acid, 
adheres to the deſerted metal, and, according to 


its quantity, alters not only the weight, but ſome- 
times even the colour. We ſaid before, that 
pure vegetable alkali precipitates corroſive ſubli- 
mate of a ferruginous colour, but when fully aera - 
ted of a white (4 v11.): ve ſaid alſo, that the mi- 
neral alkali can never produce a white _—— mer- 
cury ($ v111.) ::let us now fee the reaſon, + 
Leet there be precipitated only ſo ch as is 
united with 100 parts of marine acid, and let the 


precipitation be made with vegetable alkali, fully 


aerated ; for which purpoſe about 415 are neceſ- 
ſary; for 100 parts of marine acid require 199 of 


pure vegetable alkali (6 VI11.); and theſe 199 can 
receive 84 of fixed air, and 132 of water (5 II.). 


But if the mineral alkali be uſed, 100 parts of 
marine acid require only 80 parts of alkali; which 
in cryſtallization recciye 64 parts of fixed air, and 


* 


255 


—— 


N. 3 mn ae" LESS 2 


* 4 2 — 
A ANT... FI ane 6 nt OY ann ne — 2 * — . 
* a abt” w Fi 5 


or THE AERIAL Ac. 9 5 


256 of water. Since, therefore, the mercurial 
calx, in this inſtance, requires 84 parts of fixed 
air to be made white, and the mineral alkali ſuffi- 
cient for the precipitation can ſupply only 64, it 
appears plainly why this alkali cannot _ n 
a white precipitate (m). 

It is very probable that even 4 ad 90 
Valor metals although prepared by fire, are not 
altogether void of fixed air. With reſpect to old 
flowers of zinc, I entertain no doubt, as they ef- 
ferveſce with acids, and yield a fluid endowed 

with all the properties of fixed air; when newly 
and even the old ones, by roaſting, are deprived 
of that volatile menſtruum which they had at- 
n * the niger. Thom holds: os 


0 «In ee de the ee e e eee 1 
it would perhaps be requiſite to ſhow that the quantity of 
mercury which may be combined with 100 parts of marine 
acid, takes up more than 64 parts of fixed air, when it ie 
precipitated by cryſtallized vegetable alkali ; for it is not 
eaſy to preſume that this really happens, when it is conſi- 
dered, that the author has juſt aſſerted, that this metal 
gains, by ſuch a precipitation, an addition of only one third. 
of its weight. It may be moreover obſerved, that ſeveral 
phænomena indicate the preſence of a quantity of phlogi- 
ſton in the intimate conſtitution of foſſil alkali. I have ſhewn 
that it reduces gold, in the ſame circumſtances in which ve-* 
getable alkali affords only an earthy precipitate.—(El. de 
Chem. Dij. tom. ii. p. 310). Now the colour of the mer- _ 
curial precipitate may be nnen e by 
this. hypotheſis.” Morveau. 
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From the foregoing experiments, ve may eon- 


dude concerning the agreement of flxed air with 


acids; for from them it appears that this vapour 
excites 2 diſtinct ſenfation of taſte upom the tongue 


| ($v:); that it reddens uncture of wirnfole(F ve. 97 


that ir attacks fixed 'aikalis violently,” and renders 
them mild; that a Farller quantity ef it tan of 
che ſtronger” aeids "ſaturates them, renders them 
ery{taitizible, and lefs foluble (5 vi. vi11.);- dt 
by its union ie makes volatife alkali more thied; 
les: odorous and penetrating,” and cryſtalllaes it 


(IX.); that when it juſt ſaturates pure lime, it 


takes au its folubifity and acrimomy, and cry- 
ſallizes it, but that when fuperaburidant, it reri- 
ders it again ſoluble ($.x1-) ;. that it produces the 
ſame effects with: terra ponderoſa (5 N.) ; that with 
magneſiz, it conſtitutes a neutrab eryſtalliaable 
earthy falt (5 x TI.); that with iron, zinc, and 


, it forms ſalts, which,” when, diſſolved 


Ps 2442 32223 
. 4 This e eee 
nounces a metallic earth, free from all combination, either 


with phlogiſton or the aerial acid; and as it furniſhes the 


firſt exception to this general rule, That the metals do not 
loſe their -metallizing ' principle, but to unite with wann 
menſtruum, and reciprocally.” Morveau. * 0064 2 Ws 
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in water, redden the tind&ture of -turnfble, he alt 
other metallic falts (S XN V. that it exerts 
7 the manner of acids (CM.); that it pre... 
— eipitates+(ſubſtances vi diflalvedd in pure zikalis 
(SIA. ) ii thats in laſt "particles; notwithſtanding 
Its 'oxtraondinacyorolatility; adhene very tenacioully 
manner as by that fame-degroe of cold the weak 


| acids are concentrated (5:3u:) q and finally that it 
g greedily uttratts phlogiſtieatod matters (& dr. 
| Every one qf'ithoſs properties belong: to acids in <2 1 
general, and moſt of them are aohſidered ach- 1 
racteriſtie marks which ate peu to acids, and | =] 
_ then, ſixed air, being endowed! with ab theſe 
_ qualities, it an acid, or we are reduced to co 1 
feſt that no certain criterion of acids is yet known. | _—; 
The acidity of fixed air being, as:b think, de» 3 1 
monſtrated, many reaſons induce me to apply to 
it the name of aerial, or atmoſpheric acid; a be- 
ing adapted to its nature. It ſo much reſembles 188 1 
common air in levity, tranſparency, elaſticity, and 1 
other properties, that it is only of late they harune | i = 
begun to be diſtinguiſhed. —Beſides, in that aerial ; 19 
ocean, which, under the name of atmoſphere, | 1 
furrounds our globe, this vapour is continually _ == 
preſent, either free or entangied in combination ; -v" 

; 
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ſtate is manifeſtly ſeen in phænomena which daily 
occur; lime · water every where ſeparates a cream, 
when expoſed to the open air, which does not 
happen in bottles perfectly cloſed; and never can 
happen, unleſs fixed air he in contact with its ſur- 


face (S XI.). Quick lime, expoſed for a long 


time to the atmoſphere, by degrees recovers what 
it had loſt in the fire, ſo as entirely to re · aſſume 


the nature of crude lime, and be unfit for the 


maſon's uſe, unleſs it be again deprived of its acid. 
Terra ponderoſa and magneſia, reduced to a ſtate 
of purity, in like manner recover from the open 
air their weight, power of efferveſcing, and other 


loſt qualities. Pure alkalis are made mild in the 
open air, loſe their deliquiating quality, and form 


cryſtals which efferveſce with acids, circumſtances 


which can only be aſcribed to their attraQing fix- 


ed air. Since then, theſe phænomena all take 


place at every time, and in every part of the 
world, a quantity of uncombined fixed air, by no 


means inconſiderable, SP As 1 


ce 


But it is not only in an claſtic and 4 


| fore that fixed air ſurrounds us, but it alſo ſeems 


to conſtitute a primary principle of common air. 


' This ingenious conjecture of the indefatigable Dr 
Prieſtly comes now to be examined. 


The experiment indicating this compoſition of 


| atmoſpheric air, is as follows Let tincture of 
turnſole | 


or THE AERIAL acm. = 5 


tiirnſole include a bubble of common air in a glaſs 
tube, bended into the form of a ſyphon ; let ei- 
ther leg, filled to a certain height with mercury, 
de immerſed in a veſſel filled with that fluid metal; 
then, by means of an electrical machine, let 
ſtrong ſparks be plentifully paſſed from the mer- 
cury in one leg, through the bubble in the other. 
This being continued for ſome minutes, the ſur- 
face of the tincture will be found to riſe higher in 
both legs, and to change its blue colour to a red; 
the tincture, thus reddened, recovers its blue co- 
lour in the open air. If, inſtead of the tincture, 
lime - water be uſed, it is rendered turbid, and 
depoſits an efferveſcing lime. In this caſe then, 
the air ſeems to be decompoſed, and to be divi- 
ded into two different elaſtic fluids, one of which 
tinges the tincture of turnſole with a fugitive red; 
is abſorbed by water, and precipitates lime water, 
that is, is endowed with all the criteria of fixed 
air; but the other fluid does not combine with 
water, extinguiſhes flame, and deſtroys animal 
life, as it ſuffers no change from the vapour of 
phlogiſticated nitrous acid. That theſe phænome- 
na do not depend upon the electric fluid alone, 
appears plainly; for if, by means of an air- pump, 
the bubble of air be ſo dilated that all the redden- 
ed tincture is expelled from the legs of the ſy- 
phon, and in its place a blue tincture be poured 
in, to the ſame height, then, though the ſparks 
be paſſed through the bubble, as before, no veſ- 
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 tiges of fixed air appear. Hence then it appears, 
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that ſomewhat which reddens tincture of..turnſole, 
and precipitates lime-water, i is found in the air, 


| and has been taken away in the former operation. 


We now know that common air conſiſts of | 


" three claſtic fluids. mixed together, vis. aſt, of 


the aerial acid, in its diſcngaged Nate, but in {gp 
ſmall a quantity, that it alone cannot impart a vi · 
ſible redneſs to tincture of turnſole; ad, of an air 


unſit for ſuſtaining flame, or being ſubſervient to 
reſpiration (this we may call vitiated air (o), until 


we are better acquainted with its nature and pro · 
perties); and zd, of air indiſpenſably neceſſary to 
flame, and animal life, which forms only about 
M fourth of common air, and which I call pure 

Here a queſtion may ariſe, which of theſe 
fluids has been dere by the electric aura? Tam 


( The nature of this elaſtic fluid, which Dr Prictly 
has denominated phlogifticated, feems to have Been leſs os 


eidated than that of almoſt every other ſpecies. It is ge- 


 herated by phlogiſtic proceſſes, and immerſion of animal 


ſubſtances in nitrous acid: it is ſpecifically lighter than at- 
moſpheric air; is fatal to reſpiring animals, though ſome 
inſects live in it; it is reſtored by vegetation, and in ſome 
degree by agitation, in orange-coloured nitrous acid. B. 
This obſcurity has been cleared up by Mr Cavendiſh, 
whoſe late diſcoveries have rendercd more fervice to ches 
miſtry than thoſe of any perſon ſince Dr Black. If 


admit the exiſtence of phlogiſton, it is nitrous acid 


phlogiſton ; if we reject it, it is nitrous acid deprived of 


all its vital air or acidifying principle ; in other words, 4 


— ags nitrous air and aitrow acid. - | 
inclined 


n 
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phlogiſton more violently than even the nitrous 


| acid does: let us now ſuppoſe this air compound» 


ed of two principles, namely, of the aerial acid; 
and ſome other ſubſtance, which unites mote 


readily with the eleQrical phlogiſton than wick 


the acrial acid; when the electrical phlogiſton 
therefore is added, the aerial acid is ſeparated, 
and, as it were, precipitated. Although all 


this appears very probable, yet other "_ 15 


ments, in which, by means of phlogiſton, air 
is changed, without any appearance of the extri - 
cation of fixed air, prevent us from concluding 
with certainty concerning the compoſition of the 
air. Let us uſe, as an example, the ſulphurated 


ſalt of Stahl. I expoſed ſtrips of linen, wet with | 


cauſtic vegetable alkali, for a ſufficient time to 


the fumes of burning fulphur ; I then put them 


into different cucurbits, and. preſſed them to the 
bottom, ſhut the mouths very cloſely with wet 
bladders, and kept them in at heat of about 18» 
for 16 days at the end of that time I opened 
the mouth of one cucurbit under the ſurface of 
tinQure of turnſole, which immediately ruſhing 
in, filled a little more than + of the cavity: hence, 
therefore, it appears, that the phlogiſton had by 
degrees deſerted the vitriolie acid, and changed 


the included air, yet no redneſs could be percei- 
ved in the tincture. I opened the mouth of an- 


other cucurbit, under lime water, which entered 
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in the fame manner, but ſhewed no ſigns of tur- 
bidneſs (). If electrical ſparks extricate fixed: 
air, purely by the addition of phlogiſton, why + ö 
does not the ſame extrication fake place in this | 
laſt experiment ?—lIt is indeed true, that in the 
former caſe the electrical phlogiſton penetrates the 
hole maſs much more violently, and thence may 
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(p) Was the fixed air produced in this experiment ab- 
ſorbed by the vitriolated tartar, as it was gradually form- 
ed, in conſequence of the diſſipation of the phlogiiton ?— 
Perhaps this oonjecture will not appear ſo very improbable, 
if we conſider that Dr Prieſtly obtained from 4 an ounce of 
that neutral falt, 14 ounce meaſure of air, chiefly fired; 
vol. ii. p- 116.—See alſo vol. v. p. 164, where he ſays, that 
he procured fixed air mixed with another ſpecies of elaſtic 
fluid, both from vitriolated tartar and Glauber's ſalt. 
M. Morveau contends, that the experiment above rela- 
ted only proves that fixed air is produced by the eleQric 
ſpark taken in common air ; and that, when a given quan- | 
tity of air has been once expoſed to the influence of that 
fluid, no more fixed air is produced by freſh ſparks. He 
inclines to think that fixed air is generated by the com- 
bination of ſome. other principle with pure air. Thoſe 
who adopt the opinion ſo ingeniouſly maintained by Mr 
Kirwan, in vol. Ixxii. of the Phil. Tranſ. that fixed air con- 
fiſts of dephlogiſticated air and phlogiſton, will readily 
ſuppoſe, that the fixed air is generated, not fleagaged, by 
the electrical fire. B. . 
We have been ſince taught by Mr Cavendiſh, that the 
aerial acid comes from the turnſole, which is burned by 
the eleQric ſpark ; and that lime-water is not rendered IX 
d in tits experiment. | 3 
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dv decompoſe ane primary principle; ; ank 
perhaps if the circumſtances of our experiment 
were charged, the ſame effect will be produced 
but the laws of ſound reaſoning oblige us to ſuls 
pend our judgement until a number of 53 __ 
riments ſhall determine the truth 
In the mean time fixed air may with great pro- 
priety be called the aerial, or (if more agreeable) 
the atmoſpheric acid; it might alſo be called the _ . 1 
univerſal acid, as it is found in great abundance | — _ 


throughout all nature: but as it is uſual by that 3 =_ 
denomination to indicate that ſaline principle which. | A 
differently modified, produces all the other acids _ 1 
and alkalis; and as theſe properties eannot as yet ' ©" 
be affirmed of fixed air, I think we ſhould abſtain TY = 


from that name, as being ambiguous. + I am not 
ignorant that the volatile alkali, and the marine 
acid, contain phlogiſton as one of their primary 
principles; and that, being ſpoiled of the inſlam- 
mable principle, they are reſolved into elaſtic va- 
pours: but the-vapours which are in .both caſes 
obtained, although not eondenſable by cold, are 
not of the ſame nature, and neither of them is ſi- 
milar to fixed air. The vitriolic acid, which is 
ſuppoſed to be contained in the atmoſphere, is 
neither every where, nor at all times, to be found 
there: I have for ſeveral years, by means of the 
pureſt fixed alkali, endeavoured to obtain it, but 
have not as yet obtained a ſingle particle. The 
vegetable alkali often contains vitriolated tartar 
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and the alkali of tartar itſelf is not always free from 
Vol. I. F it, 
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22 or TR AERIAL ACID 
it, owing doubtleſs to the practice of fumigating 


wine · veſſels with ſulphur - unleſs, therefore, the 


- purity of the alkaline ſalt which is expoſed to the 


air, be well known, errors can ſcarcely be avoids 


ed: the vitriolic acid, therefore, is not preſent in 
the atmoſphere, unleſs accidentally ; the fame may 


be ſaid of the nitrous and marine acids, which arc 
_ ſometimes found in it. 


S XXIII. 1 Oe be eſſential to fixed 


| Hir. Io Ny 


Although L intagine 1 have eſtabliſhed beyond 
doubt the acid nature of fixed air, yet ſome per- 


bons may ſuſpect that this acidity is accidental, and 
to be aſcribed to a foreign acid, which is intimate- 


Iy united, by way of ſolution, with the common 
air; but I hope the following obſervations will 
bew that ane n is ogg without home 
tion. 

(a) Let us fuppoſe that common air, extrica- 
ted from lime by vitriolic acid, is, notwithſtand- 


ing the waſhing, contaminated by that foreign 


acid, in ſuch a way that they can hardly be ſepa- 
rated; and that, while this union laſts, the air is 
rendered fixed; now let lime- water be fatura- 
ted with this elaſtic fluid, and the precipitated 
lime examined, it will be found in all reſpeQs fi- 

milar to cream of lime, or crude lime. would 


| aſk, whether the common air, when it is again 
joined to the pure lime, retains the acid adultera- 
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tion, united to it in the ſame-manner_ as before > 
or, whether it ſhakes it off, and leaves it at liberty * 
| to unite with other matters? If the former be al- 
ſerted, either the lime precipitated by fixed air 
- ought to differ from common lime, which contains 
no vitriolic acid (a ſuppoſition contradifted by the 
moſt accurate chemical examinations), or the di- 
ſtinction between fixed air and common air is re- 
duced to nothing; which overturns the hypothe- 
ſis of the generation of fixed air: if the latter, 
diſtiled vinegar would diſſolve the precipitated 
lime, leaving the gypſum untouched; but expe- 
riments made with the greateſt accuracy ſhew , 
that diſtilled vinegar n the whole of the pee» | 
2 Ane, | 
(.) Again, if the * depends upon A 1 
an different ſpecies of fixed air ſhould be 
produced by different acids. Now experience ſhews, 
that fixed air, extricated by marine acid, and pro- 
perly waſhed, precipitates lime · water in the ſame 
manner with that obtained by vitriolic acid; and fi- 
nally, that not the flighteſt difference in any of its 
properties can be diſcovered, whatever acid it is ex- 
tricated by, provided it be ſufficiently depurated by 
waſhing. If the fixed air obtained by vitriolic acid 
poſſeſſes, on that account, the- property of diflol- 
ving iron and zinc, that procured by the nitrous 
- ought to attack ſilver mercury; and that by aqua 
regia, gold and many other metals; but experi- 
ments, which I made myſelf for that purpoſe, . 
| thewed me that no ſuch thing happens. RT 
1 N Beſides 


'F | 84 OF THE ' AERIAL ACID. 
A (e) Beſides, grant that the fixed air expelled 
iu during efferveſcence is adulterated by an acid, 
1 whence does that which is produced entirely ſimi- 
. lar by fermentation gain it; eſpecially that Which 
= appears in the beginning, a long time before even 
' the firſt ſtage of fermentation has attained \its | 
1 height? If the acidity of fixed air be foreign, why 
V5 can it not be ſo accumulated as to redden ſyrup 
| f of violets, paper tinged with turtle, and the 
7 N other vegetable blues? | 
1 (p) Finally, calcareous ſpar and ds *Y | 
| i | ford genuine fixed air, purely by the force of 
Ef fire ($ 11.); although, by the moſt ſcrupulous ex- 
EE = amination, they do not betray the ſmalleſt veſtige 
$ | NN of a mineral acid. And this fixed air is produced, 
8 5 although they have been very minutely powdered 
1 | and boiled for half an hour in a pure alkaline lixi- 
© AB  , _  vium, and afterwards waſhed and dried, before 
5 : 8 they are put into the retort; - thus then all ſuſpi- | 
| cCion of a foreign acid vaniſhes.” 
Since then, fixed air, rightly depurated, though 
ſhe. extricated by the moſt different means, from the 
Ir | moſt different materials, whether by fire or by 
. ſolution, is nevertheleſs always the fame, and al- 
1 ways acid; I conclude, with all the certainty at- 
3 al tainable in phyſics, that acidity is a property eſſen- 
[ tial to that elaſtic fluid. | 
: Some conſider fixed air as the fame with the 
; . . vapour of phlogiſticated vitriolic acid; yet any 
EX! s 5 one who but flightly compares the properties of 
1 „ the two, will caſily ſee that this opinion is without 
1 . foundation 
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foandation=forithe unge han un irritating pungent, | 
. odour, and deſtroys the colours of any organiſed. 
| ſubſtance; and, to paſs over other circumſtances, 
of moment, may eaſily be reduced to genuine vi- 2 
triolic acid, neither of which is true of fixed air, A 
Buren wrapped hen» [ 
3 force than the other. A 
5 Sw. Hei Gravity of the Aerial Au a | 3 
By means of an hollow globe I meaſured the w_ 
dere gravity of fixed air in the ſame way as na- 5 1 
tural philoſophers weigh common air.— 1 compa- : I 
red the weights of equal bulks of fixed air and 1 
diſtilled water three ſeveral times. The firſt im 4 
I found the proportions as 1 to 555; the ſecond, A 
as 1 to 563; and the laſt as 1 to 560, I employ- . -= 
ca, as nearly as I could, a moderate heat (1 5% . 7 
together with a mean height of the barometer | '-M 
(25,3) but yet could not avoid ſome minute dif- 
I ferences. The medium of the three obſervations 
is 5594, or, in round numbers, 559.0 that its 
ſpecific gravity comes out 00,018 z—now com- a 
mon air, in the ſame circumſtances, is ſcarcely 
00,012,ſ0 that fixed air is about eg _ 
vier than common air. 
The noxious vapour which abut in "certain 
caverns is entirely of the fame nature as the aerial ; 
acid; for it is abſorbed by water, and communi- 
1 ew to it a pungent acidity ;' it reddens tinQture 
W | of 
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of raraile; makes lime-water wrbid, extinguiſhs- | 
es flame, kills animals, and, above all, riſes but 
a little way, on account of its ſpecific gravity. In 
a pit which was opened in the year 1717, at the 
Pyrmont Spa, the loweſt ſtratum of air, which id 
ſcarcely two feet in depth, is noxious, and when 
the ſun's rays can reach down to it, it may be 
perceived, by means of the exhalations mixed 
with 1 it. Over the medicinal fountain itſelf there 
is a poiſonous ſtratum of air hardly a foot in depth, 
fo that geeſe, by means of their long necks, can 
ſwim acroſs it without damage. The exhalations 
from the caves in the neighbourhood of the Swal - 
bach, and other acidulous waters, are of the ſame 
nature, In the Grotto del Cane, near Naples, 
men, and even large dogs, ſuffer nothing while 
they ſtand erect; but if the noſtrils of any animal 
are brought near the ground, it is inſtantly ſeized 
by ſtupefaction.— This deadly vapour may be ſeen 

Uke a very ſubtile ſmoke, which in ſummer. rifes 
about a ay from the ground; but 1 0 wee n 
above a few inches. 

From the gravity of 68 air it r a0 follows, 
chat the lower ſtrata of the atmoſphere abound 
more with it than the higher ; for the prodigious 
quantity which is generated by fermentatian, pu- 
trefaction, efferveſcence, and other natural opera- 
tions, every day going on, for the moſt part re. 
mains cloſe to the ſurface of the earth; this muſt 
be again fixed by the cantinual generation of new 


bodies, 
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bodies. Certain portions of it alſo, which are 
perhaps generated from the common air, in ws | 
higher regions of the atmoſphere, by lightning, . 
and by various meteors, muſt by degrees all ſub- | | $ 
fide, were it not that the continual agitation of = 
the atmoſphere, mixing the common air and ac = 
rial acid with each other, together with the frie- | 
tion and the ſmallneſs of the difference in ſpecific i 
gravity, contribute much to prevent it: which, _ 
together with the above-mentioned diminution of 
it, all contribute to avert deſtruction from the ani- 
mal world. Hence I imagine the reaſon is plain 
why higher ſituations are in general more 'health- 
ful than lower ones (r); and I have no doubt but 


that various diſorders, both epidemic and endemic, 
| ariſe 


* 2 
" « 


6) Thanh clevated ſituations may in general be more 2 3 
falubrious than low ones, it is not to be ſuppoſed that the 3 
healthfulneſs of any place is in proportion to its elevation, 
on account of the different quantities of aerial acid to be 

found in different ſtrata of the atmoſphere. But it is not” 
unuſual with thoſe who are contemplating one of the prin- 5 _ 
cipal agents in nature, to .aſcribe too many effects to it, e = 
M. Sauſſure found that the air of the valley of Chamouni 
abſorbs a volume of nitrous air equivalent to 28 grains of 
water more than the air at the ſummit of the Buet. Three 
other experiments concurred with this to ſhew that the air 
of the ſummits of mountains is leſs. pure than that of the 
vallies lying at the foot of them. The air on the glacier 
of Taléfre alone appeared, by the nitrous teſt, ſuperior to 

that of the valley of Chamouni, The air of Geneva was 
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ariſe from! the different quantities of aerial acid in 
the atmoſphere. At the ſurface of the earth it is 
rarely found to form An of the common air. 
Ide aerial acid is not always of the ſame de- 
gree of tenuity, which ſeems to depend upon this, 
1 water abſorbs certain ee ng. ny Es 


f 1 525 3 with that of mona, and ſuperior ta 
| that of the plains of Piedmont. 


« Since then,” ſays M. Sauſſure, © of the tops of five 
mountains, four afforded an air leſs pure than the ger 
"lying at their feet; and the only one on which the air 
more ſalubrious than in the plains, awes that advantage 0 
a particular ſituation; it ſeems as if we may conclude that 
the air, at. a certain height, loſes ſomewhat of its purity. 

I ſhould, however, have been more cautious than to 
= | © deduce a general concluſion from fo inconſiderable a num- 
SY ber of obſervations, if the fine experiments of 8. Volta on 


| A ET IE i inflammable air had not proved, that an immenſe quantity 
— —_ | of this. elaſtic fluid is conſtantly produced, which, as it is ; 


much lighter than common air, mult riſe to the more ele- 
= 3 vated regions of the atmoſphere. 
Z III appears, therefore, that if the air of the los plains 
NE Js 1 rendered leſs ſalubrious by the groſs exhalations which 
its denſity enables it to ſupport; on the other hand, the 
air of mountains raiſed more than 500 or 600 fathoms 
[toiſes] a above the level of the ſea, is vitiated by other ex- 
halations, which do not leſs diminiſh its wholeſomeneſs, 
/ becauſe they happen to be lighter than common airs ſo 


—_— 7 


dium, at which the denſity of the air, ceteris paribus, is 
beſt adapted to the life and health of man—I ſhould fix 
the height at that of the plains and great vallies of Swit- 
zerland, which are elevated between 200 and 300 fathoms 
ſhore the level of the ſea.” . | 
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ſhould-be continually retarded from beginning to 


_ end, as this effect is entirely conformable to the 
nature of attraction; yet the following phenome - 
non ſeems to confirm the former opinion: 
Let us ſuppoſe the bottle Q & filled with fix- 
ed air, and one half of it by degrees conſumed. 
A ſubſequent union will be effected; in a given 
time, more ſlowly with the remainder, than with 
fixed air | which had not been expoſed to water, 
though the ſurface of contact be the fame, Hence 
it would appear, that certain particles, either by 
reaſon of their figure, their magnitude, or ſome 
extraneous mixtures, are rendered more © unfit for 
union with water Hae 
* 2 . 


5 xv. Aerial Acid extinguiſh Fire. 


AL Fired air not only prevents fire from being 
kindled, fo as to prevent the exploſion of bombs 
and fire-arms,. but it alſo inſtantly and completely 
extinguiſhes a body red hot, and flaming ; ſo that 
to determine the preſence of mephitic air by flame 
8's a common experiment. We 


00 75 « Difference of figure between elementary particles 
| ſeems repugnant to the theory of affinities, as produced 
by this figure; for it is evident that a body not having 
the ſame affinities, has not the ſame properties, conſe- 
7 quently cannot be the fame body. I therefore think the 
RO cauſe the only one admiſſible, Morveau. - 
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eta glaſs cylinder, 4 b, filled with aerial acid 
in the manner above deſeribed (5 11.), and then 


ſtopped by a cover, be carefully inverted and open- 


ce, the fluid contained will, by its ſpecific gravity, 


remain there; let then a lighted candle or coal be 
immerſed in it, and in an inſtant all the fire will 


be extinguiſhed, But if the veſſel remain open, 


the upper ſtrata mix gradually with the common 


air, ſo that flame can at length ſubſiſt in them; 


and in this manner, by degrees, the whole maſs 
is changed; but the more ſlowly in proportion 

as the cylinder is more lofty, and the circum - 
Rk air more "tranquil. The ſame phænome· 
non may be obiceved on the ſurface of f fermonting | 


| liquors. | ** 


The aerial acid very "Ras 1 n ex- 


tends it in a ſtratum parallel to its own ſurface, 


and holds it a long time. This may be obſerved 


in caverus where mephitie air is produced by means 
of the ſmoak of an extinguiſned torch, * 
. e eee noxious Ry . BY Fi | 


LY Þ * 3 
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655 XXV I. Aerial Acid kills Animals.) 


In theſe experiments I generally employ Fi fol. | 
lowing apparatus A glaſs veſſel, an (fig. 9.), 


ir 


40 This amazing phænomenon 58, I think, owing 10 1 


the unden of acrial acid for or ere} ag 


* 


4 
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aa ee is ſuddenly cement - 
ed to the wooden bottom, = C this veſſel is per- 


forated at the top by a hole, b; the tube, Kr, 


which introduces the noxious vapour, is fitted 
cloſely to the bottom, that no air can eſcape; the 


noxious vapour expels the lighter common air 


through the hole : at firſt, however, they are 
in ſome degree mixed together, which is the rea- 


fon why the animal docs not as quickly die as when 
at once immerſed in the aerial acid: but experi» 
ments have ſhewn me, that by this very tircums+ 


ſtance the eG een een yan 


| an an 


As *. as whe; noxious apout wi in 


ud the tube E r, the animal looks about 


with great anxiety, in order to eſcape; it then be- 


Sine to pant—the eye. balls are protruded—it 


trembles — and at length expires as if going to 


The difference in the ſpecies of animals, their age 


and vigour, make ſome diſſerence: thus birds ge- 
nerally die ſooner than dogs; theſe ſooner than 
cats ; amphibious animals endure longer; and in- 
ſects longeſt of all. With reſpe& to age, the 


younger animals are leſs quickly deſtroyed, eſpe- 
cially thoſe that are ſomewhat accuſtomed to it; 
for ſuch as have been often expoſed to the open 


air in the very agony of death, and recover, are 


afterwards more flowly deſtroyed by that fluid 
Oar ns. 5 5 . than 


fleep. By regulating the influx of aerial acid, the 
approach of death may at pleaſure be deferred, 
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than fuch as are for the firſt time expoſed: to it. 


After death, the lungs appear ſomewhat collap- 


ſed; they do not fink in water, like thoſe of an 


animal which has | periſhed in vacuo, but float; 


and often are in many places inflamed. The trunk 


of the pulmonary artery, the right ventricle of the 
heart, with its auricle, the vena cava, the jugular 


veins, and the veſſels of the brain, are diſtended 
with blood; and I have more than once ſeen a 
firm polypus in the right ventricle. The pulmo- 
nary veins, the aorta, the left ventricle of the 
heart, with its auricle, are generally flaccid. The 
irritability of the muſcular fibres all over the body 
is found deſtroyed: nor could 1, either by 
blowing into it, by the knife, or by vitriolic acid 
highly concentrated, excite to motion the heart 


of an animal thus deſtroyed, ou taken _ 
Warm (?). | 


Authors diſagree concerning the effective ns 


| . and it would be e 


(1 ia ſeen the dire contrary in fx many experi- 
ments, that J heſitate not to reje& this account of the de- 
ſtruction of the irritability of the muſcular fibres. The 
author muſt have left his animals too long unopened ; o- 
therwiſe he would have ſeen the heart contract, when fti- 


mulated. The cauſe of death is the ſame, whether an ani- 


mal be drowned in water, aerial acid, or any other kind of 
air, or whether it be killed by hanging. When the acceſs 
of air 18 prevented, the blood is not changed to arterial, 
and is therefore 2 8 of K the left cavities of 
the heart. 
tion 


« 
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tion in me to attempt che deciſion of ſo i important 
a queſtion. —Contented if 1 have been able, in 


this Eſſay, 'to. eſtabliſh the acidity of fixed air, 


which was my chief purpoſe, I have adapted all 
the experiments to the end propoſed with as much 


accuracy as I was able; I repeated them dili. 


gently, and conſidered them carefully; I there- 
fore thought it unneceſſary to particulariſe thoſe 
which have been made by other perſons, and 
for purpoſes different from mine, eſpecially a8 
they cannot . the e of the learned 
reader . 


% Mr Beuly, in ſome letters, dated towards the cloſe 


of the year 1775, and publiſhed in the Appendix to Dr 


| Prieftly's 2d vol. deſcribes a ſeries of experiments, under- 


taken in order to prove the propoſition maintained in the 
foregoing Diſſertation. It will appear a little ſtrange, that 


he ſhould not have been appriſed of Profeſſor Bergman's 
opinion on the nature of fixed air, (for if he had known it, 


his candour would not have permitted him to paſs it over | : | 


in ſilence), as it had been publiſhed by Dr Prieſtly, three 
years before the date of Mr Bewly's experiments. We are 
therefore to conſider the preſent initance as a confirmation 


of the obſervation, that the ſame diſcovery is often made by 


different perſons, without any communication with each o- 


ther, when ſcience has arrived at a certain pitch of matu- 
rity. Of this truth Mr Scheele's diſcovery of dephlogiſti- 


_ cated air, without knowing that Dr Prieitly had previouſ- 
ly obtained the ſame elaſtic fluid, furniſhes another ftill 


more remarkable example. On' comparing the dates, it will 


be found, that © Hy of claim as evidently belongs to the 
| Swediſh 
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| Swediſh rofaſſor in the former, S 
belong to our induſtrious countryman in the latter caſe, 
On peruſug Mr Bewly's obſervations, it will be ſeen, that 
he was alſo led to adopt another opinion, advanced by Sir 
T. Bergman, and called in queſtion by M. de Morveuu, 
'viz. That fixed alkali is capable of uniting with a quantity 
of aerial acid exceeding that which is neceſſary for its ſa- 


OF THE 


NA 
0 T1 


WAT E OR 


4 1. 4 brief bug: of the ee 1 


AT ERS. 

UCH time could not have elapſed, beſore 
mankind firſt began to perceive the differ 
ence of waters, although furniſhed with no other 
criterion than that of taſte. - But the preparation 
of food, and the various arts and manufaQtures 
which afterwards began to be ſtudied, muſt gra- 
dually have ſuggeſted a difference in the-proper- 
ties and goodneſs of waters, with reſpe@ to cer - 
tain purpoſes, although we are at preſent ignorant 
of the manner and order in which theſe diſcoveries 
occurred, Hippocrates judges thoſe waters to be 
moſt Prove! for common uſe, which are clear, 
light, 
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light, void of taſte and ſmell, and which run from 
the caſt ; obſervations, the juſtice of which is to 


this day generally acknowledged, with the excep- 
tion of the laſt, which perhaps, in the country of 


Hippocrates, reſted upon ſome local advantage. 
He (a) condemns, as worſt of all, ſuch -as are 
hard, falt, aluminous, and the waters of Jakes 
and marſhes. Pliny not ' only diſtinguiſhes Vaters 
into nitrous, aluminous, bituminous, ſalt, ſulphu- 


rated, acidulous, chalybeate, ſalubrious, poiſon- 


ous, , medicated, cold, warm, hot, ſuch as boil 
pulſe lowly, ſuch. as incruſt the veſſels -in which 
they are boiled, ſuch as intoxicate, ſuch as change 
the colour of cattle, &c. ; but mentions water boil- 
ed, and cooled again by ſnow, according to Ne- 
ro's method; and aſſerts, that vitiated waters art 


reſtored by being boiled to one half (6). 


But as to the art of accurately examining wa- 


ters, with regard to their contents, we ſcarce find 
any traces of it worthy of obſervation, until the 


ſeventeenth century. Tabernæmontanus, whoſe 
true name was (c) Jacob Theodore, about the 


end of the ſixteenth century, enumerates a variety 


of the waters of Germany, and among the reſt 
Seltzer water; but he gives no analyſis of them. 
(9) Andrea Bacci, an Italian * whoſe 


(a) Lib. de Are, Aquis et t Locia. 
(3) Hiſt. Nat. lib. xxxi. paſſim. 
(c) Waſſerſchatz. Frankf. 1593. 


0 Septem de Thermis Libri. Rom. 1596. 
work 


the leaſt mention of analyſes of this kind, 'altho* 
no one before ee GEES: ia 
w ee 1 ee 

The illuſtrious Mr Boyle, in the year 1664, 
| had diſcovered the uſe of ſeveral precipitants. It 
had been before known, indeed, that ſyrup of 
violets was made by vitriolic acid, and by le- 
mon-juice ! but this effect was attributed to ſome 
peculiar quality in theſe; two -liquors. Mr Boyle 
diſcovered this to be a property common to all a - 
| cids; and was alſo the firſt who obſerved the grech 

colour occaſioned by alkalis, which he in 


in the juice of blue-bell. © He mentions the blue 


ſolution of copper in volatile alkali; he relates that 
the colour of roſes is deſtroyed by the fumes of 
ſulphur, but heightened by its acid; that water 
tinged by Brazil wood grows yellow on the addi- 


tion of an acid, while that tinged by cochineal has 


its red colour made more dilute ; and that alkalis 
reſtore the original intenſity of colour; that filver 
is precipitated from nitrous acid by fixed alkali, by 
common ſalt, and by marine as well as vitriolic 
acid, but not by volatile alkali ; that ſalited filver 
grows black in the open air; chat vitriol of mer- 
cury grows yellow, when waſhed with water; that 


mercury diſſolved in acids yields a white precipi- 
tate, on the addition of volatile alkali; but with 


fixed alkali a ſediment of an orange colour, which 
colour, on the addition of vitriclic acid, imme- 


Vol. I. = Bi G | 75 diately | 
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diately diſappears, as does afterwards the whole of 
the precipitate ; and that ſilver is as it were gilded 


in ſolutions of a ſulphureous nature; together with 


ſeveral other circumſtances, many of which had 
doubtleſs been diſcovered (e) before. Thus, to 
pals. over other inſtances, Gaſſendi ſays, that tinc- 
ture of roſes has 3 its colour Oy by vitriolic 
acid. 

N bs N the ame time Danna du Clos, 
at the firſt inſtitution of the Royal Academy of 
Sciences at Paris, in the year 1667, attempted to 
examine all the waters of France, and continued 
his inveſtigation for ſome years. He made uſe of 
ſeveral precipitants beſides thoſe above mentioned, 


ſuch as infuſion or powder of galls, and juice of 
the flowers of leſſer iris, to which he afterwards 


added martial vitriol, and juice of turnſole. He 


examined the reſiduum after diſtillation, inveſti- 
gated its figure by the microſcope, its flavour, its 


ſolubility in water, and put its properties to. the 


- teſt of hot iron. OO 4 
So long ſince as the year 1680, Came remark- 


able experiments upon this ſubject made by Ur- 


banus Hierne, were publiſhed in Sweden. This 
very expert chymiſt makes three claſſes of acidu- 
„lous waters; namely, the acid, the vinous, and 
ſuch as contain a latent acid; he affirms that each 
of them contains A peculiar ore, moſtly martial, 


* 


05 Experiment — * Colours. Onan, 1663. 
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_ together with a ſmall portion of ſulphur, either 
manifeſt, as in the acid gas of Spa, Pyrmont, and 
other waters of that nature; or occult, being diſ- 
ſolved by a concealed alkali; or as yet in a naſ- 


cent ſtate. He conſiders the ination of the 


reſiduum as of little conſequence, on account of 


the loſs of the volatile particles; and thinks weigh- 


ing uſeleſs, imagining that volatile ſpirits do not 


gravitate. He thinks that the ringing linen will 


detect waters ſaturated with a mature ore, but will 
not diſcover acidulous waters: he denies that the 


goodneſs of medicated waters can be determined 
by infuſion: of galls alone, inaſmuch as all waters 
containing a groſs vitriolic ſalt ſtrike a black with 
that infuſion, while various acidulous waters of 


à more ſubtile nature, are not affected by it; 
nor does he think the tinging of raw fleſh ſuffi- 


cient, as all vitriolic waters induce on it the very 
fame colour (). 

In the year 1678, Hin examined the acidu- 
lous (g) Medway waters, which had been diſco- 


vered the year before, and ſoon after this ſpecies 
of water came into general uſe in (i) Sweden. 
Mr Boyle again, in the year 168 5, propoſed a 


number of 3 for the more accurate exa- 


F 


#=( ys Lina Vattu-Profraren. k. e. deen Aquarum ex» 
8 Stockh. 1683. -; 
(2) De acidul. Medviens. 1680. 
(i) N de Font. ſoterls EY N 
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mination'sf waters. He extols very much the vola · 
tile hepar ſulphuris, diſtilled from fixed alkali, ſul 
pPfhur, and ſal ammoniac; this inſtantly grows black, 


either with green or blue vitriol; hence he thinks 


that concealed ſulphur may be diſcovered by vitriolz - 


he obſerved that ſolution of arſenic grows black, 
and is precipitated by vitriol; he alſo affirms that 
he was acquainted with a method of diſcovering 


common ſalt in water, without any evaporation, - 
but he does not deſcribe the method (). He can 


ſcarcely, in this caſe, allude to ſolution of filver, as, 


though known before, it was then but little uſed, 


but afterwards began to be more frequentlyemploy- 
ed; for in the year 1697 it was applied to this pur- 

poſe by Nic. Valerius, a Swede, who in his travels 
examined the hot waters of Aix; and, beſides the 


above. named ſubſtances, employed ſolutions of 


nitre, common ſalt, ſal ammoniac, and ſaccharum 
ſaturni, the acids of nitre and ſea · ſalt, u 
of ſal ammoniac ((). 

About the beginning of the preſent century 
other ſubſtances began to be uſed: in the year 
1699, D. Regis and Didier employed tincture of 
mallow- flowers, which is made red by acids, and 


(4) Apparatus brevis ad naturalem & experimentalem 


Aquarum Mineralium Hiſtoriam, concinnatus in forma 


Epiſtolæ, Lond. 1685. 


(1) Tentam Phyſico Chim, circa Aquas . Lugd. | 


by Batav. 1699. 


green 
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green by alkalis (7). Ace ee 
introduced hme- , and vinegar of lead. Some 
perſon ſent to Alx by Burlet mentions' with aſto- 
niſhment a filver cup, which having been kept for 
three days in the Bath water, became as it were 
gilded, a phænomenon long before known to 
Boyle, and by him aſcribed ta ſulphur: it was 
afterwards accounted or POE _ 
ciple,/by Homberg (m). 

In the year 170%, Burlet 150 himſelf of . 
lution of alum, paper tinged blue by turnſole, the 
ſame paper afterwards reddened by vitriolic acid, 
diſtilled vinegar, tincture of damaſk roſes extract- 
cd without acid, together; with ſome: other ſub- 
ſtances. In the ſame year too, Geoffroi-ſubſti- 
tuted broad open glaſs veſſels to the Go _—_— 

which had been uſed until that time, 
_ - Beſides, in 1726 and 1729, Bouldue 3 
ed various other contrivanees. For inſtance, un- 
til that time evaporation had been continued to 
dryneſs, and the ſaline part of the contents again 
diſſolved ; but Bouldue thought it more expedi - 


tious either to ſeparate the ſtrata of the whole re- 


ſiduum, or to ſeparate the different ſubſtances, in 


order as they preſented themſelves during the eva- 


Monk He alſo nnen 


wy L'Hiſtorie de P Acad 2 Scien. de Parity s 
0 Ibid, A N 2 
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vering, by precipitation with highly-reQified ſpirit 


of wine, the ſalts contained in 170 water; rde 
out expoſing it to heat (2). [034 442 


From hence it appears, that the cio gh | 


cipitants at preſent known were in uſe at leaſt from 
the middle of the ſeventeenth century; but if we 
examine the concluſions deduced from the obſer- 


vation of their effects, we ſhall be forced to ac- | 


knowledge that they have been frequently, unſa- 
tisfactory, and often more or leſs falſgmmG 


It would be tireſome and uſeleſs to relatè the opi . 
nions of the ancients concerning the heterogene- 


ous matters found in water. Theophraſtus Para- 
celſus was of opinion, that all the ſpecies of carths 


with which he was acquainted, together wich ſalts, 


bitumens, and certain metals, might be ſuſpend- 


ed and carried about by chat fluid: but, laying 


aſide theſe unproductive ſpeculations, we ſhall pro- 


ceed to à period more advantageous to natural 
philoſophy. It has been already obſerved;, that 
alum was long ſuppoſed to be preſent in waters; 


nay, D. Giure, in the year 1669, contended that 
the peculiar nature of acidulous water was not 
conſtituted by vitriol but by alum, and a certain 


vein of ſoft iron, or, as he calls it, the ens pri- 

mum of that metal. This, ſo far as regards the 

5 505 was however ſoon contracted by Du aer 
. 811 "1 ob OE M3 > S36-S4 1G 6 ” 4 


; ah ue. ge PAcad. de 795 1726 bad. 1729. 


of 


' 7 g 5 


- 
Sts 6 ; 
A — i 
— * N * „ 
— 1 . * 
4 , 


_ 


” OF: THE ANALYSIS: OP wars. 103 


——=At predent; alum is "op rarely found: in natural | : 
; waters. e | | 
u Die the ame me e of a certain 
| alt, ſimilar to gypſum ; but Mr Allen (o) was 
perhaps the firſt who obſerved in waters a ſalt con- 
ſiſting of vitriolic acid and lime, and which he calls 
ſelenite. By the word nitre nothing more was 
formerly underſtood, than natron, or mineral al- 
N Fo kali, which Hierne firſt obſerved in the acidulous 
waters of Egra (), and F. Hoffman Women 
diſcovered in ſeveral medicated ſprings (40. 
nature of this ſubſtance was accurately 5 50 
by Boulduc, in the year 17299. | 
The ſal catharticus amarus, or more properly, 
vitriolated magneſia, has been in high eſteem at 
Epſom, from the year 1610; and in 1696 Dr 
Grew publiſhed a ſmall treatiſe upon that ſubject; 
but, although it was found in the waters of Seid? 
litz, Seidſchutz, and at ſeveral. other places, and N 2 
was conſumed in great quantity, yet the true com- W 
poſition of it remained unknown until the year 
1758, when the celebrated Dr Black (59 under- 
took the accurate examination of the nature of 
magneſia, the preſence of which, even united i 
with fixed air alone, was afterwards diſcovered i in | 


(e) Nat. Hiſt. of Min. Waters of Great Britain _ 
1711. 8 
| (p) Brevis Aquarum Explorator i 3 
| '._ (Oper tas ve” = 76 „ | | 
(s) Edin. Acts, tom. ii. r 
| 2 e ſeveral 
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ſeveral waters (r). Glauber's falt is found in ma- 


ny ſprings, and is often confounded with vitrio- | 


lated magneſia. About the end of the ſeventeenth 


century a new method of detecting common ſalt 
was diſcovered, although its taſte, and the form of 
its cryſtals, had been before that time en 
conſidered ſufficient for the purpoſe. . 


In the year 1682 Liſter diſcovered mast in wa · 


ters; and in 1752 Le Roy found ſalited lime in 
the laſt lixivium (v). Margraaf diſcovered ſalited 


magneſia in 1759 (u); and F. Home nitrated lime 
in 1756 (x). As vitriolated water ſtrikes a black 
colour with galls, and as moſt acidulous waters 


poſſeſs that property, it was immediately ſuppoſcd 


that ſuch waters contain a vitriol: Theophraſtus 


Paracelſus (y) imagined he had put that matter 


beyond doubt; but others, who by evaporation 


in vain attempted to obtain cryſtals of vitriol, be- 
gan to entertain doubt of the fact, yet by different 
ways endeavoured to get rid of the difficulty: 


Some al ledged that theſe waters contained neither 


iron nor vitriol, but a ſoft ore, as they called it, 


an ens primum of that metal—others had ee 


1 a TONE ES Kc. 


£6} 00 Stockh. 1773. 

ie) Mem. de P Acad. de Paris. 
(i) Mem. de PAcad. de Berlin. 5 
(x) Experiments on Bleaching. Edin. 1756. 
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"ee of this century, F. Hoffman 
Fa. eſtabliſh a new theory of mineral wa- 


ters, denying that there was in the acidulous wa- 


ters any true and actual acid: he grants indeed, 
that an acid vapour does exiſt, which, together 


with a certain elaſtic etherial principle, which hie 


calls ſpiritus mundi, conſtitutes the ſpirit and life 
of the medicated waters; but he Wer 
contrary, he infiſts thats e waters are 


change the colour of ſyrup of violets to a green: 


theſe are marks, however, which we know to be 


ambiguous (S vrI.). As we are not acquainted 


* 


with any alkali but ſuch as has paſſed through fire, | : 


and as alkalis are conſequently conſidered as the 


products of fire, many perſons denied the poſlibi- 


lity of their exiſtence in waters (2). Hoffman 


himſelf thinks that the alkali originates from a 


ſpirit of ſulphur, which, according to the degret 
of its ſubtlety, would form with lime an alkalis 
either fixed or volatile; Henckel thinks the al- 


kali derived from common falt, though he own be 


is ignorant how its acid can be expelleu. 
At length Dr Seip (a) gave an explanation, 


Which was en to remove all the difficulties 


h dee d 72g eee 
(a) Beſchreibung der Pyrmont Mineral wake, 
1771. 


# © EO AP » 


alkaline, "becauſe they efferveſce with acids, and 


comply; 5 


1 
9 
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completely: he, with many of the ancients, ſup- 
poſes that the genuine mineral ſpirit is the volatile 
den change which the water undergoes on expo - 


ſure to air) concluded that this volatile ſubſtance 
flew off, he, on the other hand, contends, that 
tme ſubtile acid which had formerly been united 
with iron, now forſakes.the metal to unite-with 
the alkali, which in the ſubterraneous caverns 
could not exert its ſuperior attractive power ; and 


dulous waters undergo when expoſed to the air, 


expelled by diſtillation, and then obtained in its 


proper form. How far this explanation 1s 
adle to truth, will be ſeen ($ VIII.) 
In the year 1748, Dr Springsfield (0 deli wry” 


it as his opinion, that air was the effective cauſe 


by which the contents of the ſubtile waters were 


P. 


the departure of air always occaſions a turbidneſs 
and precipitation. And this opinion was after - 
wards further confirmed; for, in the year 1755, 
Venel's Memoirs on Seltzer water were publiſh. 
ed; in which, by very convincing; arguments, he 
ſhews that the volatile ſulphureous acid is not the 
true mineral ſpirit, which, on the contrary, he 
„ 18 no other than the ar ak ; 2 he de- 


— * 
* 
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monſtrates theſe” propoſitions" by arguments both 


analyrical and ſynthetical (c); and, although he 
did not arrive at the truth aſtogether, it muſt yet 


be confeſſed, 'that he came nearer to it than any 
one before his time : he alſo attempted to prepare 
Seltzer' water artificially. It is to be lamented that 


this very acute chymiſt, - who ſuperintended the 
| examination of the waters 


bliſh any be. more . that ſubj oF before his 
death. Siu a e 109 n 


Tr It is atTeniti\tiewn, 'by ccolitreyentibia ap. 


finents; that the" genuine mineral ſpirit, "which 0 


gives character and life to the cold mineral waters, 


is altogether the ſame with that fluid which i is now 


to the 
Seltzer, Spa, and Pyrmont waters; but different 


called fixed air: this principle Is 


ſalts, in different proportiotis, determine the dif- 
ferent ſpecies' of theſe water 


Hence water, by bare igt neten With fixed | 
air, cannot properly be called either Seltzer, Spa, 


or Pyrmont; nor can he be faid to underſtand 


the artificial preparation of theſe waters, who mere- 


1y knows the method of ſaturating water with fix 


ed air —The particular quantity of the different 


ſalts which conſtitute the peculiar nature of "each, 
muſt alſo be known—The vapour which is Wund 
in hot baths confiſts ſometimes of the aerial acid, 


as in the Caroline waters of Bohemia, but is fre- 
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quently of a different ae a8 ve ſhal fe hers, 


after. 


In the year 175 1, at at Ups, 9 e 919 
oe of waters artificially prepared, which exactly 


reſembled the natural waters of Seltzer, Spa, and 


Pyrmont, not only as to the yolatile part, but as to 
the entire contents (a); and the uſe of theſe waters 


awards obtained ne moſt a, the * 


= the year 1992, Dr Prieſtly publiſhed do 


at London, in which he taught” how. water might 


be ſaturated with the fixed air expelled from chalk 


by vitriolic acid Mr Lane had before. employed 
fermentation for the ſame purpoſe, with the addi- 
| tion of | iron, * which the ebe . a 


Abe 7 n with which. many hot 


| baths are impregnated, has occaſioned much per- 
_ plexity; becauſe ſulphur cannot: artificially be ob- 
_ tained from them, though it ſublimes ſponta- 

neouſly, as at Aix. Of thoſe who have laboured 


in this field it is ſufficient. to name Charles Lucas, 
who yet did not ſucceed (e). At preſent the my- 
ſtery i is unfolded (iv. vII. F. vII I. S.) 

Finally, I ſhould mention, that the knowledge 
ny the heterogeneous matters contained in wa- 
ow ey acquired, has excited wy to under 


( ver. Acad. Handl. 1773. 
(e) Eſſay on Waters. Lond. 1756. ; 
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contents. On this 'principle the celebrated Pro- 
feſſor Sir J. G. Wallerius, publiſhed, in the year 
1748, his Syſtema Hydrologicum (7) F. A. 
Cartheuſer, in 1758 (g), publiſned a work of the 
ſame kind; as did alſo Mr Monnet, in 1772 (); 
not to mention thoſe who, limiting their reſearches 
to the waters of certain countries, have not n 
the ſubjeR at large. 


The nature of e eee e nat per 


mit me to ſpend any time in relating the ſeveral 


diſcoveries of the moderns, which have led the way 
to a complete examination of waters: beſides, 
theſe are all to be found in the modern books. 
Let the candid and ſkilful judge whether the de- 
monſtration of the acid nature of fixed air, the ſo- 
lution of chalk and magneſia in water, by means 


of that ſubtile menſtruum, and the analyſis and 
ſyntheſis of Seidſchutz, Seltzer, Spa, and Pyr- 
mont waters, have An, any thing to that 


| ee 


7) Wattu-Riket. ad Fin. comparet brevis Introd. ad 
Aquas examinand. 


(e) Rudiments Hydrol. Syſt. Fr. ads V. 1758. 
6) Nouv. e 1772. 


— 


take a claſſification of waters, according to their 
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er, conkdaikd by 1e, Des VI nan a 
heterogeneous: mixture, is, as far as conjecture 
can reach, always of the ſame nature; but, du- 

8 ring its paſſing over or penetrating various ſtrata, 
it is loaded with heterogeneous matter, more or 
leſs, according to circuniſtances; very ſubtile pow- 
ders being partly mechanically ſuſpended in it, and 
partly united intimately with it, in the way of chy- 

mical ſolution: hence no water is ever found up- 

on the furface of the earth in n ſtate of perfect pu- 
rity; nay, even rain and ſnow- water, although 
elaborated by the peculiar powers of nature from 

the maſt ſubtile vapours, with a degree of per- 
feQtion inimitable by art, theſe, I ay, though 
colleed with all poſſible care, are yet found va- 
-riouſly contaminated, according to the ſeaſons of 

the year, the climate, and other circumſtances... 

4. The heterogeneous particles which waters con- 
TR j tain differ with reſpect both to quality and quan- 
| : tity: hence it is that ſome are fit for the uſes of 

, lte, others unfit, noxious, or even ſometimes mor- 
tal; while others are found extremely efficacious 

in curing, or at leaſt in alleviating diſtempers, 

The medicinal waters differ very much in power, 

accgrding to the quantity and quality of the parti- 

cles contained in them; * hence ſome which expe- 
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iüͤence ſhews to have been employed with the beſt | 
ſucceſs in certain caſes, in others may prove either 
inert or noxious. In the brewing of malt liquors, 
the baking of bread, the boiling of pulſe, the waſh- 
ing and bleaching of linen, the dying of different 
ſubſtances, the. preparing of hides, ſkins, and pa- 
per, and in a number of other arts, the quality of 
the water employed is of ſo much conſequence, 
that, unleſs one be choſen fit for the purpoſe, the 
hole proceſs fails. Water is uſed in conſiderable 
quantity in the preparation of food, and always 
conſtitutes the greater part of our drink; inſo- 
much that if we allow one kanne per diem to each 
adult, our eee will re: fall Shorts than | 
exceed. 0 : 
F e it 1 appears Obs a quantity of per- 
nicious heterogeneous matter, though ſmall, being 

daily accumulating, may ſoon lay the e 

of numberleſs diſeaſe.. 

From what, has been ſaid, I 1 — 25 it is ; ſuffi- 
ciently obvious, that the analyſis of waters is high- 
ly neceſſary, not only as a ſpeculative branch of 

natural philoſophy, but as ſubſervient both to pu - 

blic and private advantage.—From thence we are 
enabled, 6 e _ 


F 


EEE” ut To chuſe the pureſt water for internal uſe. 
 * "+, ad, To avoid ſuch as is either unfit or no- 
kxious. 


fe 
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r 34, To form 's' proper judgement concerning 
RS ſuch as are uſeful in medicine. Thus, if 
RY long experience has ſhewn the efficacy of the 
5 1 Uater in a certain fountain, and if at the ſame 
N time the contents of that water be known, 
we are enabled to anticipate the experience 
of years, and inſtantly to form a judge- 
ment concerning the virtue of other waters, 
which exactly reſemble in their contents the 
water whoſe properties are already eſta- 
—_— 
Ach, To ſelect ſuch waters as are beſt adapted 
to the ſeveral arts and manufacture. 
th, To amend the impure (in ſcarcity of good 
water), and to ſeparate from it thoſe hete- 
rogeneous 8 which chiefly'impede i ity 
ale.” 
Sch, To imitate ſuch as are celebrated for ex- 
traordinary virtues, if a fufficient quantity 
| of the natural water cannot conveniently be 


$1 IH An accurate n of Waters is juſtly 
| conſidered as one of the maſ? difficult Problems 


in Chymiſtry.. 
In proportion as an ingreſlient forms a ſmaller 
part of a compound ſubſtance, the more difficult 
it is to diſcover that ingrefdient, becauſe it is the 


more inveloped and hidden. By means of fire 
| | 3 
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we bemetimes diſtover rebev part; and even fome- * 


times a ſmaller proportion; but in the analyſis 
of waters it is ee to detect webos, 


ay ele 


When the ſubſtance contdided +a Ht, A 
but alſo compoſed of different ingredients, the ſe- 


paration becomes ſtill more difficult. Sometimes 
the nnn matters in water amount only 


to +4552, yet this is found to be compoſed of ſix, 


| ſeven, or eight different ingredients, mixed toge- 
ther in ſuch a manner as to be eaſily confounded 


it is, notwithſtanding, neceſſaty to determine the 


quantity and quality of each. 

Add to this, that ſome of the contents are fo 
ſubtile as to clude the ſenſes, or ſo volatile as to 
fly off imperceptibly ; fome of the principles alſo 
are decompoſed during the examination — hence 


they require to be inveſtigated by * con- 


trivances. 

It may be thought that the difference of a few 
grains in a kanne will not eſſentially alter the pe- 

culiar virtue of the water; but experience ſhews 

the contrary very clearly. 


Theſe circumſtances will ſerve to few 5 dif- 


Souls of the queſtion before us, even to thoſe 
who are altogether ignorant of chymiſtry.—And 
perſons who are even more than moderately ſkill. 
_ ed in that ſcience, muſt exerciſe peculiar addreſs, 


in order to perform the neceſſary operations with 2 


ſufficient accuracy. We can by no means there- 


Vox. I. 1 a N 
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fore imagine, that powder of galls and ſyrup of 
violets are altogether ſufficient for this purpoſe. _ 


I ſhould now proceed to deſcribe the method 


which I found moſt convenient in conducting this 
proceſs ; but it will be advantageous, previouſly 


to know what b e ſubſtances are _— | 


found 1 in cold waters. 


£ ; "FS : 


75 W hat Leto Matters are gene- 
rally found in Waters. 


Very minute particles of flint, dne 3 


and clay, are ſometimes found mechanically ſuſ- 


pended in water. The argillaceous particles ob- 


ſcure its tranſparency, and render it of an opal 
colour; the others occaſion variations which are 
| leſs obſervable, becauſe the ſubtilty of their par- 


ticles and the ſurrounding water render them 
tranſparent. —All theſe ſubſtances, when ſuffici- 
ently comminuted, acquire a ſurface fo large, in 
proportion to their weight, that the friction neceſ- 
ſary to be overcome in their deſcent becomes ſu · 


perior, or at leaſt equal, to the difference of ſpe- 
cific gravity between the particles of the earth and 
| thoſe of the water, which is the force with which 


the earthy particles tend to the bottom; and ſo 
long as this equilibrium takes place, the particles, 
once diffuſed in the water, will remain ſuſpend- 
ns 1 1 CES; | 
But various ſubſtances are found united with 


water, 
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water, and with each other, much more intimate- 
ly, that is, by means of chymieal ſolution - theſe 
are now to be enumerated, and to each we ſhall 
ſubjoin a referenee indicating the place, in the fol- 
lowing pages, where the ſpecific nature and quan- 
wy of cach of them are particularly treated of. 

Pure air is contained in moſt waters, in the 
proportion of about one cubic inch to a kanne; 
this, when expelled by boiling, or by the air- 
pump, is gradually recovered from the atmo- 
ſphere (Vfl. 83 VIII. 4, 3.) 


Aerial acid alſo is found in evety water, but 


in very unequal quantity, from r of the bulk of 
the water, to a bulk equal to that of the water it- 
ſelf. This, as well as the pure air, by its dilata- 


tion under the receiver, produces a number of 


bubbles ;—it communicates to water an agreeable, 

pungent, and refrigerant flavour (vi. A, B, Ex 

Vil. 4, F, k, $3 VIII. 4, B, c, D ) 
Inflammable air ſometimes iſſues from waters; 


this ſpecies of air, however, is not united with 
the water, but riſes from the bottom, and is ex; 


panded at the ſurface. 


The other acids, in a diſengaged ſtate, are on · 
ly found in waters accidentally (v1. G3 VII. A, u; 


VIII. o.) x 

egetable alkali is tarkly found in waters, and 
almoſt always in combination (v3. c; vII. B, 0 5E 
ſometimes vitriolated or ſalited, but more fre. 
quently nitrated (x1, 8, 1, 2, 3.) 


H2 | Mineral | 


— 


— 
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Mineral alkali, however, often occurs, either | 


acrated, vitriolated, or ſalited (v11. <4 255 1 ty 


25 3. 
Volatile alkak is be dne Present Nobebly . 


communicated by putrid vegetable or animal ſub- 


ſtances (vI. 3, c; iI. 3, c; VIII. F.) 

Terra ponderoſa is bude accidentally found 
united with marine acid (1. F, 15 X. Dy 63 
x1 8, . 

Lime frequently occurs aca; ritrolated, 
nitrated, or ſalited (v1t. 6; x. p; XI. A, c.) 

Magneſia is not ſo frequently found; yet ſome- 
times it occurs either aerated, vitriolated, Ane 
or ſalited (x. D; xl. A, By 5 

Vitriolated 17 (i), or alum, is rarely found 
in waters (VI. c; VII.N; x. p; xl. 3, 4.) 

Among the metals iron is moſt frequently dil 
covered in waters, and that, acrated, (vi. 1; 
VII. D, E; X. D, 4.) vitriolated, or ſometimes 
perhaps ſalited (xl. B, 5.) 1 

"Manganeſe has not yet been found, except 
falited, although it may poſſibly be difcovered ae- 


| rated or vitriolated (vi. 7; Xx. D,43 XI, B, 5.) 


(i) An ingenious Engliſh phyfician has detected an 
. earthy falt, which one ſhould {till leſs expect to find in 
water. He has met with muriated or ſalited clay in Ne- 
vil Holt water, which has long baffled the attempts of. 
chymiſts to analyſe it.— His © LN has not been publiſh». 
ed. B. | 


Copper 


* 
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- Copper has only been found vitriolated (vr. A, 
1 , , 25 
Arſenic very rarely, and in the form of a cals 8 
(XI. B, 5.) 5 
Extracts from vegetable and animal ſabiſtan 
ces, with which water, paſſing through ſtrata 
containing ſuch 8 8 is W contamina- 

ted. 

| Somewhat ry an hepatic nature is alſo found, 
eſpecially in hot waters, and ſometimes alſo in 
cold chalybeate waters; but in general it is ſo 
ſubtile that it inſtantly flies off in the open air, and. 
manifeſts itſelf no other way than by its ſmell (vi. 
3. A genuine hepar is rarely preſent, although 
it is fallaciouſly indicated by an hepatic vapour, 
conſiſting of ſulphur reſolved into the form of va- 
pour by means of phlogiſton and the matter of 
heat; as is clearly demonſtrated in the Treatiſe 
on the products of ſubterraneous fire. The me- 
thod of ſeparating the ſulphur in its proper form 
will be explained, (VII. F, r.) 

I could not diſcover any certain ſigns of bitet- 
minous oil, it being immiſcible with water, unleſs 
by means of an alkali. Petroleum, agitated with : 
diſtilled water, ſeparates again upon ſtanding. It 
muſt be acknowledged, however, that the water, 
even after the moſt careful filtration, ſtill retains 
a ſtrong bituminous ſmell; yet nitrated mercury 

occaſions no precipitate (VII. v.) 
__ Theſe heterogeneous matters are never found all 
H 2 \ (Es «4 
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- Oy : | 4 2 . | 
together, but are more or leſs numerous in differ- 


ent waters. Thus ſome of them are contained 


in atmoſpheric waters; others in thoſe found on 
the ſurface of the carth ; and, , others in 


ſea water. 

Snoꝛu- water contains a ſmall quantity of ſalited 
lime, together with ſome light veſtiges of nitrous 
acid; this water, when newly melted, is totally 
void both of air and of the aerial acid; ſubſtances 
which are found, in greater or leſs quantity, in 


_ almoſt all other waters :—and hence it is, per- 


haps, that ſnow-water is noxious to animals. 


Rain-water is generally contaminated with the 


ſame ſubſtances as the former; but in greater 


quantity: it is obvious that theſe waters, while 


ſuſpended in the air, muſt collect and abſorb the 
various heterogeneous matters with which the at- 
moſphere abounds, and therefore can never be ob- 
tained pure. Immediately after long-continued 
rain or ſnow, theſe waters are found leaſt loaded 
with heterogeneous matter. 
 Spring-water, when of the pureſt kind, con- 
tains but little heterogeneous matter, otherwiſe 
we find in it aerated lime, ſalited lime, common 
falt, and ſometimes a ſmall quantity of alkali— 
| Thoſe ſprings which are called mineral alſo con- 
tain gypſum, aerated and vitriolated —_—— 
vitriol, aerated iron, &c. 
River-waters are often ſo much aride by 
their motion as to contain nothing more than ae- 


rated 


# 


v 


* 
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rated lime, common falt, and ſometimes a little 
alkali, Theſe are generally lighter than ſpring- 
waters, and the more pure, in proportion to the 
rapidity of their courſe, and the hardneſs of the 
bottom over which they run. 
Well-waters, beſides a large quantity of the 
above-mentioned ſubſtances, often afford gypſum 
and nitre, 
| Lake-waters are leſs clear his any of the "a 
mer, they are alſo heavier, and depoſit ſpontane- 
ouſly ſome earthy ſediment : they ſometimes con- 
tain all the ſubſtances above recited; and beſides, 
are generally 0 by an animal or vegetable 
extract. 
Mar ſb- waters have leſs motion, and therefore 
are leſs clear, more heavy, and more vitiated by 
extractive matter; hence they generally exhibit 
ſomewhat of a yellowiſh brown colour, | 
Sea-water contains common falt, vitriolated | 
and falited magneſia, gypſum, and a conſiderable 
quantity of the putrid extract, which is generated 
partly from the innumerable crowd of animals 
which there live, die, and are decompoſed ; and 
partly is there collected by falling into it from the 
In examining the products of ſubterraneous fire, 
I have particularly enquired whence theſe hetero- 
geneous matters, 4nd the. different a of 
heat in waters, are derived. 


14 
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$ v. Water may be examined in two different 
ways, by Precipitants, or by Evaporation, 


We attain the knowledge of the heterogeneous 
matters in water chiefly by two methods, by pre- 
cipitants, and by evaporation. Precipitants are 
ſubſtances which, on being added to waters, ei- 
ther immediately, or after ſome. ſhort time, by 
altering their colour, or diſturbing their tranſpa- 
rency, ſhew the heterogeneous matters they con- 
tain. Theſe, for the purpoſe of expedition, are 
very commodious ; but they do not afford an ac- 

curate deciſion, eſpecially when the queſtion is 
concerning quantity. The weight of the precipi · 
tate may often, indeed, be of conſiderable uſe 
even in that view, as ſhall preſently be ſhewn, 
though it has ny not yet been employed for that pur- 
poſe. 

The ther method confiſts in ſeparating the 

contents by evaporation and cryſtallization. 

When there is time ſufficient, and we wiſh to 
examine a water very accyrately, both theſe me- 

thods ſhould be employed, as they reflect mutual 

light upon each other, and the precipitants indi- 
cate the proper method of 3 the eyapo» | 
ration. ; C 
Finally, in order to form a Hig judgement, we  _ | 
muſt confirm our analyſis by ſyntheſis. For this Bi 
- purpoſe the pureſt ſnow-water, gently diſtilled, 
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and freed from etapyreuma by ſtanding in the 
open air, ſnould be employed; and when the he- 
terogeneous matters which have been diſcovered 
are added in due proportion, the artificial water 
ſhould be preciſely like the natural in every eir- 


5 vi. The Plyſica Qualities to be fer." 


In forming a judgement of the nature of wu · 
ters, Ne nas afford no een 

able aſſiſtance. 
() The fight is rela of eee muy 
circumſtances of confequence. | 
A clearneſs equal to dr eryſtal i 
great purity. On the contrary, muddineßs, and 
a brown colour ſhew plainly that heterogeneous 
matters are fo groſsly mixed with the water as to 
obſtruct the paſſage of the rays of light. When 
the bottom is clay 'or mud, the water is never 
perfectly clear; but when it runs over ſand it is 
in general extremely tranſparent. 

Good water is entirely without colour, but i | 
vs 2 not thence follow that all colourleſs water is 
to be conſidered as good. A brown colour, ver- 


ging to red or yellow, is found in dull ſtagnant 


waters; it is ſometimes occaſioned by iron, ſome- 
times by putrid extractive matter, and ſometimes, 


7 . 
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—4 blue 1 3 vitriol of copper; a 
e. martial vitriol, cc. „ 

If the water, upon agitation, emits a number 
of airy bubbles, a W of aerial acid is ark 
_ cated. 

(B) Good water has no ſmell. —Such as a- 
bounds with the aerial acid diffuſes a ſubtile and 
penetrating odour; ſuch as contains any portion 

of hepar ſulphuris yields a ſmell reſembling that of 

putrid eggs or fired gunpowder. —Stagnant and 
_ corrupted waters have a putrid offenſive ſmell, 
(cc) Water is the better, in proportion as it is 
the more completely void of taſte; yet a palate 
which is delidate, and accuſtomed to the taſte of 
waters, . will diſcover ſome difference even among 
the pureſt.—Aerial acid occaſions a gently pun- 
gent aceſcent taſte ; — a. bitterneſs accompanies 
Glauber's falt, nitre, vitriolated, nitrated, or ſa- 
ted magneſia; as alſo nitrated or ſalited lime; 
2a flight auſterity proceeds from lime or gypſum — 
a ſweet aſtringency from alum — a ſaltiſſineſs from 
common falt —a lixivious flavour from alkali — 
an æruginous one from copper — and an inky one 
from iron. 

(v) The ſpecific gravity lays i in ſome degree a 
foundation for eſtimating the quantity of hetero- 
geneous matters contained in water; but cannot 
always determine the matter with accuracy; be- 
cauſe, in ſome inſtances at leaſt, a e pene 
tration may take place. | 

It 
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1 
It is, however, in general true, that the lighter 


waters are more pure than the heavier ; and for 
determining this point an hydroſtatic balance, and 


a good acrometer, are peculiarly convenient: but 
if theſe inſtruments are not to be had, an ordi- 
nary balance may be ſo managed as to compare 
the weight of diſtilled, or very pure ſnow-water, . 


with that of other waters; this is done by means 


of a glaſs veſſel with a narrow neck, which is to 
be filled with water to a certain mark, and exact - 
ly weighed. The larger this veſſel is the better 


but one containing a quadrans (H or two, is ge- 


_—_— 


y 


nerally ſufficient ; for greater quantities require . 
large weights, which are leſs accurate. 

Finally, in whatever way theſe experiments are 
ad the waters compared muſt be of the 
temperature, otherwiſe the concluſion will neceſ- 
farily be fallacious. 

(x) In the examination of waters, ws tempe- 
rature ſhould be determined by an accurate ther- 
mometer, and the following particulars obſerved : 
— whether the temperature of the water under 
examination is the ſame throughout the year, or 
whether it follows the changes of the atmo» 
ſphere—whether it freezes in winter—whether - 
the hot waters form any depoſition during refri- 


e whether, in conſequence of cool - 


Oy The Kanne 3 8 3 55 wk each 
contains 124 Swediſh . 


ung; 
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ing, their inen and taſte. grow fans RO. 
1 Eckl ene e are by no means to be 
neglected; to theſe belong the fituation of the 
water, with reſpect to its geography both political 
and natural, and the elevation and properties of 
the ſurrounding foil. The quantity of the water 
ſhould alſo be obſcrved—whether it remains the 
ſame at all ſeaſons of the year, or is obviouſly de- 
pendent upon dry weather and rain—whether it 
is ſtagnant—whether it runs fwiftly or flowly— 
what quantity flows from the ſpring in a given 
ſpace of time—how 2 veins 1 pring conſiſts 

of,” M. 

Whether the * depoſits in its/bed. a ae, 55 
an carthy, an zruginous, or an ochry ſediment 
—whether bodies lying in it are covered with a 
cruſt whether ſaline effloreſcences are to be found 
in its neighbourhood whether, in the channels 
and caverns through which it paſſes, ſulphur is ſub- 
limed—whether it iſſues gently, or burſts forth 
with a ſort of ebullition, &c. e 

It is alſo proper to obſerve whether any vege- gy 
tables grow in the water, and en Whether 

: aha * : 1 7 


vii. The principal Precipitants. 


(a) Tindure of Turnſole is obtained from the 
pigment called lakmus, encloſed in a clean linen 
. 3 cloth, 
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Babs and ſteeped in diſtilled water. This water 
ſoon aſſumes a blue colour; but, when viewed a- 
gainſt the light, it ſnews a violet tinge. - If water 
be gradually added, the reddiſh” tinge is diminiſh- 
ed, and at laſt entirely diſappears. This tine- 
ture is capable of deteQing the moſt minute par- 
ticle of diſengaged acid, by inſtantly growing 
red. A ſingle grain of highly concentrated vi- 
triolic acid communicates a viſible red tinge to 
172, 300 grains (1), or 408 cubic inches, of the 
Þlue tincture. | 
In theſe experiments the ſame glaſs veſſel,” or at 
leaſt veſſels nearly ſimilar, ſhould always be em- 
ployed ; for a ſmall difference in the diameter og 
the containing veſſel will occaſion a difference in | 
the colour of the tincture, when viewed with the 
- — rays of light paſſing through it :—The veſſel which 
I make uſe of in theſe experiments is bg an: | 
and 17 decimal (n) lines in diameter. 5 
Paper tinged by ſaturated tincture of turn- 
ſole, with a little ſtarch boiled in it, is in certain 
caſes more readily changed ;—a paper thus prepa- 
red, dipped into diſtilled water containing 12 
grains of highly concentrated vitriolic acid to the 
kanne, and ny taken ws, hy found” to be 


(/) The Swediſh apothcres pou confi of 12 ounces, 


and each ounce of 480 grains. —2 
+ ian) The Swediſh foot conkiſts of inches and exchinch, a 
of 10 lines. e ee e ee N 8 
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rodd—onad this fs paper, after being made red 
by diſtilled vinegar, ſerves to diſcover alkalis, by. 
recovering its blue colour more or leſs complete · 
ly. The preſenee of an alkali may, to a certain 
degree, be diſcovered by means of the blue paper 
—its blue colour being heightened by the alkali. 
Diſtilled water, containing 40 grains of cryſtalli- 
zed ſal ſodæ to the kanne, reſtores the blue co- 
lour to the paper reddened by vinegar, and a 
much leſs quantity of alkali rengers the red colour 
obſcure. | 

We mult not, however, be . as 8 
itſelf, as being more ſenſible than the paper. Thus, 
water ſaturated with aerial acid, does not change 
the colour of the paper; yet one part of ſuch wa- 
ter makes about 50 parts of the tincture diſtinly 
red. Nearly the ſame effect is produced by a 
fingle grain of highly concentrated vitriolic acid, 
mixed with 3,445 grains of diſtilled water; there- 
fore, ſuppoſing the ſpecific gravities of diſtilled 
water, concentrated vitriolic acid, and aerial acid, 
to be, reſpectively, as 1, 2, and 0,0018, we can 
in ſome meaſure compare the forces of theſe acids; 
for, upon calculation, they are found to be in e- 
qual weights, as 3, 445 to 555, or as 6 to 1— 
and in equal bulk as 6,890 to 1. 

(s) The watery tincture of Braſil EY is 
red, but readily takes a blue colour from alkalis; 
paper ſteeped in this tincture, with a little ſtarch 
boiled in it, is alſo red, and is equally fit for the 
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preſent purpoſe; we may therefore diſpenſe with 
the tincture, the application. of which js more trou- 


bleſome. One grain of newly cryſtallized fal ſo- 


de, diſſolved in 4,295 grains of water, or (which 


is the ſame) 10 grains in a kanne, changes the red 
colour of this paper to a blue, faint indeed, but 


caſily diſtinguiſhable ; nay, an experienced eye wall 


perceive the change, even though there be no 


more than fix grains to a kanne. 785 x) 
Acids induce a yellow colour upon paper tinged 
by Brazil wood, and reſtore immediately the ort- 


ginal red colour to the rer . _ hens made | 


blue by alkalis. 
(e) Hatery tincture af turmeric is more or 


leſs changed to a brown by alkalis: paper tinged, 


as in the former caſe, by this tincture and ſtarch, - 


poſſeſſes the fame property with the foregoing ; ſo 
that the tincture may be diſpenſed with. A ſingle 


grain of newly cryſtallized ſal ſodæ, diffolved i n 


859 grains of diſtilled water, communicates to it 
the property of manifeſtly obſcuring the yellow co- 
lour of the paper : hence a kanne of water will 
not produce the ſame effect, unleſs it contains 49 
grains of that alkali—acids render the yellow co- 
lour ſomewhat paler—volatile alkali produces chan- 
ges upon all theſe Paperts but * changes are 
"oy fugitive, - 
All theſe precipitants -may be ane, 
employed; the firſt, chiefly for diſcovering acid 
and the two laſt for alkalis; it is true, indeed, 


that 
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| that the blue of the turnſole, when changed to a 
red by acids, may ſerve to diſcover alkalis, ſo that 
the papers tinged by turmeric and Brazil wood 
may ſeem unneceſſary ;——but we muſt obſerve that 


ſion drawn from thence ambiguous (1). 


the latter of theſe two exceeds all other teſts in 


ſenſibility, fo as even to diſcover certain earths diſ- 
folved in water by means of aerial acid, ſuch as 
terra ponderoſa, lime, and magneſia. As to the 


former, it is indeed more flow, but by this very 


ſlowneſs it indicates in ſome degree the relative 


quantity; and beſides, when it is neceflary to ob- 
ſerve the change of colour ioned by alkalis 
by candle-light, the effect 100 turmaie is more 
diſtinguiſhable, - 

_ Syrup of vialets, 8 is A no b means ne 


ceſſary, eſpecially as, iſt, we can ſeldom have 


any genuine, at leaſt in Sweden; ad, this ſyrup 
ſpontaneouſly acquires a red colour by fermenta- 


tion; and, 3d, it is rendered green not only by 


alkalis,/but by iron; which renders any conclu- 


(=) It may be doubted whether the reaſons here alled- 
ged are ſufficient to juſtify the learned Profeſſor in expel- 
ling ſo contemptuouſly ſyrup of violets from the place that - 
it has ſo long held in the claſs of reagents. For, 1ſt, we 
are taught by ehemical writers how to diſtinguiſh the ge- 
nuine from the ſpurious ſyrup, viz. by ſolution of corro- 
five ſublimate, which changes the former to a green, while 
it reddens the latter. 2. It is not eaſy to be miſled by the 
alteration produced by the ſpontaneous fermentation, be- 


** 


or Tn ANALYSIS oF rn . 


The general rule, namely, That blue vegetable 
jufces are made red by acids, and green by alka-. 
lis, is liable to two exceptions already known, via. 

lakmus is rendered more intenſely blue by alkalis, =_ 8 
and indigo diſſolves in vitriolic acid, without any . 
change of colour. The blue juices of different ve. 0 
Stables are 8 by acids and alka - 
lis; a circumſtance which demands a ſeries of ex- 
periments, in order to aſcertain the relative power 
of theſe ſalts. Pure aerial acid does not exert its 

power, except upon tincture of turnſole ;—diſtil- 
led vinegar changes ſyrup of violets, but has no 
effect upon the blue paper uſed for covering ſugar- 
loaves, which yet is made red by the ſtronger 
acids; and ſo of the 2 ors e | 


* 


cauſe the S 0 cannot fall to Perret chat — FA ; 

band. 3. He who has once compared the green produced | Th 
by iron with that produced by alkalis, will eafily be en- * | i} 

abled ta diſtinguiſh them on every future occaſion; the lat | "= 
ter being a A and pleaſant tinge, the former a yellow- | 
iſh dirty hue, © 4. When certainty,” ſays M. de Mor- 
veau, can only % attained by the coincidence of many 
reſults, this additional inſtrument, which in ſome caſes 
ſhews 1 properties different from other analogous gent, 

ht not to be entirely thrown aſide.” | | 

' Neumag and the Count de Saluces, adds the 
fame judicious annotator, “ have obſerved that ſyrup of - 
violets paſſes from green to yellow when the alteration —_— 

| - has been made by alkaline liquors, but continues green 

| when the change has been produced by geutral ſalts.” ” 
Mem, de Turin, B. | + >. 
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weights of vitriolic acid and of alkali ſhould- be 

ſucceſſively mixed with different quantities of wa- 
ter, and their various effects upon the vegetable 
Juices accurately noted. Thus, from a comparl- 
ſon of their effects, the quantities of acids and al- 
kalis, which are at preſent unknown, might i in 
ſome degree be determined. But this uſeful 1 in- 
veſtigation requires a long train of experiments. 

(D A ſaturated tindure, extracted by ſpirit 
of wine from powdered galls : the watery tincture 
may alſo. be employed, but it ſoon, grows mouldy, 
Hy this tincture iron is diſcovered, being flowly 
precipitated :—if the quantity of metal be ſmall, 
the precipitate is purple; if large, black. Dif- 
tilled water, containing three grains of cryſtalliz- 
ed martial vitriol in the kanne, upon the addition 
of a a ſingle drop of this tinQture, grows diſtinctly 
purple in leſs than five minutes. Yet three grains 
of martial vitriol contain no more than 2 in 
of iron. 

(E) The phlogiſticated alkali, as it is com- 
monly called, is beſt prepared from four parts of 
Pruſſian blue, boiled with one part of alkali in a 
ſufficient quantity of water. The clear liquor, ſa- 
turated with an acid, muſt then be freed by fil- 
tration from the ſmall portion of Pruſſian blue 
which is ſeparated, —This preparation is extremely 

well adapted for diſcovering the ſmalleſt portion 
of iron. Diſtilled water, containing in the kanne 
one, or at moſt two grains of green vitriol, on 


* 


* 
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the addition of a ſingle drop of this lixivium in · 

ſtantly ſhews a Pruſſian blue. lt alſo: precipitates 
other metals; copper it precipitates of a reddiſh 
brown dale ele. vun ; and fo ol tho. 


reſt, 


(A) eee vitriolic ok dropwed, 3 in 


water immediately precipitates a ſpathum pondes 


roſum, if (which rarely happens) there be preſent 
any terra ponderoſa (1v.) The appearance of a 


number of bubbles ſhews whether there be any 


conſiderable: portion of alkaline ſalt, lime, or mag- 
neſia, diſſolved by the aerial acid, —In order .to 
occaſion a ſenſible efferveſcence there ſhould. be at 
leaſt 390 grains of newly cryſtallized ſal ſodæ in a 
kanne, a quantity which however is not affected 
by ſtrong marine acid. The other mineral acids 
may be employed for the ſame. purpoſe; but the 
effects of theſe will be always leſs remarkable, as 


they are leſs ſuſceptible of concentration to ſo 


great a degree as the vitriolic acid. — The concen- 


trated nitrous acid is however very uſeful for diſ- 


covering ſulphur in the hot waters which have an 
hepatic ſmell for this acid, ſeizing the phlogi- 
ſton, precipitates the ſulphur which, by its means, 
was united to the matter of heat, though the ſul- 
phur ſo combined is able to elude all the ordinary 
modes of examination ; — concentrated - nitrous 


acid, added in proper quantity, ſoon takes away 


the hepatie lmell, thereby en a decem olt- 


. 
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tion, and che ſulphur, ſubtilely div 3 falls fow- 
T to the bottom. 

(6) The acid of ſugar is one of he 6 hs 
licate teſts hitherto known for the diſcovery of 
lime, however mixed. A fingle grain of pure 
lime diſſolved in a kanne of diſtilled water, ſhews 
white clouds and ftriz, if a ſmall portion of cry* 
ſtallized acid of ſugar be laid on the ſurface, or 
diſſolved and dropped in. 

If the lime be in a ſtill ſmaller quantity, and the 
moſt minute cryſtal of ſaccharine acid let fall to 
the bottom, in a ſhort time a ſort of powder, con- 
_ fiſting of ſaccharated lime, is found about the 
ſpot where the cryſtal falls. Scarce any water is 
entirely free from lime; and the pureſt, within 
twenty-four hours at leaſt, depofits a portion of 


faccharated lime, although ſometimes ſo ſparingly 


as to eſcape obſervation, unleſs lines be drawn on 
the bottom of the veſſel with a glaſs rod.—Such 
is the water of Varby, which is Juſtly enumerated 
among the beſt waters in Sweden. | 
"Eſſential ſalt of wood-ſorrel, and the micro- 
coſmic ſalt, alſo precipitate lime ; but. more 
ſlowly and leſs effectually than the 4 of ſugar 
does. 5 + 
(u) erated fixed alkali precipitates all earths 
and metals from their ſolutions : if the ſubſtance 
to be precipitated is eaſily ſoluble in the aerial 
acid, the cauſticaalkali in general effects a more 
remarkable ſeparation—generally, I ſay, for this 

N 3 
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is not always the abs; ; for terra ponderoſa is not 
precipitated by that alkali.—If there happens to 


be preſent a diſengaged mineral acid, every par- 
ticle of the aerated alkali emits bubbles. 


(1) Aerated volatile ' alkali precipitates all 
earths and metals ; but cauſtic volatile alkali has 


no effect on lime or terra ponderoſa. Diſtilled 
water, - containing 98 grains of vitriol of copper to 


the kanne, 1s ſcarcely blue. If in the ſame quan- 


_ tity of water there be only 64 grains, the copper 


is diſtinctly precipitated on poliſhed iron; but a 


few drops of ſolution of volatile alkali only occa- 


ſions a cloud, which is ſcarcely viſible. This 


cloud, if the vitriol be in larger quantity, ſoon. 


changes from an aſh colour to a blue; and, when 
well diffuſed, by agitation, communicates to the 
water a faint and duſky tinge. - If the volatile al- 
kali be ſuperabundant, all the precipitated capper 


is re- diſſolved with a moſt beautiful azure colour; 
for the quantity of this metal which is contained 


in four grains of blue vitriol, is ſufficient to give 


' a viſible tinge to a whole kanne of water, if the 


copper be precipitated by a proper quantity of vo- 
latile alkali, and afterwards re- diſſolved by a ſu- 
perabundance of the ſame alkali. 


(x) Lime-water dropped into water which 


contains any aerial acid, renders it inſtantly tur. 
bid; becauſe that portion of the lime which is fa. 
tyrated by that ſubtile acid loſes its ſolubility. 


02 Salited terra ponderoſa | is of cites a 
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uſe in difwwering the ſmalleſt veſtige of vitrille 


acid, with whatever menſtruum it may be united; 


for this acid ſeparates terra ponderoſa from all 


others, forming with it a ſpathum ponderoſum, 
ſcarcely any of which water is able to take up. 
Diſtilled water, containing 12 grains of newly 


. cryſtallized Glauber's falt to the kanne, on the 


KW 


addition of a few drops of ſolution of ſalited terra 
ponderofa, immediately exhibits white ſtrizz—Jf 
there be preſent no more than three grains of the 
Glauber's ſalt, after a-few minutes a cloud forms 
at the bottom, which alſo happens even when 
there is but one grain in the kanne; but in this 
caſe the water muſt ſtand ſome hours before the 
cloud becomes viſible, Now, that we may the 


better judge how great the nicety of this precipi- 


tant is, let us conſider that 12 grains, 3 grains, 


and 1 grain of Glauber's ſalt, contain reſpeQively 


no more than 3, 0,78, and 0,26 grains of vitrio- 


lic acid; ſo that this ſubſtance excceds turnſole it- 


ſel in ſenſibility, 


() Salited lime is generally confilleted as a 


uſeful medium for diſcovering fixed alkali, for 


the acrated lime ſeparates, and falls to the bot- 
tom; but this experiment is ambiguous, be- 
cauſe,” if any vitriolated magneſia be preſent, a 
double decompoſition takes place, and a gypſum | is 
formed. 
() Solution of alum 
ployed, but is of little uſes 


ſometimes been TY 
it is decompoſed by 
; i alkalis, 


* 
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Alkalis, either fixed or volatile, and by acrated; fal- 
lited, or nitrated' lime. If a piece of alum, the 
bulk of a ſmall pea, be put into the water under 
examination, in a quarter of an hour a ſpungy ſtra- 


m is obſerved, horizontally ſuſpended near the 


bottom: : however, as befpre obſerved. the cauſe of 
this phænomenon is uncertain, unleſs n | 


by other experiments. 
Seven grains of alum diffolved ins Künne uf u- | 


ter, upon the addition of. a ſingle drop of folution 


of alkali, either mild or cauſtic, inſtantly ſhew a 
manifeſt argillaceous precipitate. 


(o) Nitrated- filver diffolved in diſtilled water 


affords a moſt complete method of diſcovering the 
ſmalleſt traces of marine acid ; for this acid, whe- 


ther diſengaged or united with another baſe, in- 


ſtantly ſeizes the ſilver, forming with it a metallic 
falt very” difficult of ſolution, which therefore ſe - 


| parates in the form of a white mucilage. A ſingle 


grain of common falt diſſolved in a kanne of di- 
ſtilled water, at the firſt drop of ſolution bf ſilver, 


exhibits white ſtriæ, which, however, are not pro- 


duced, if the water contains no more than half a 


.grain—but a grain of common falt contains about 
half a grain of marine acid. Solution of filver is 


ated upon by vitriolic acid far more flowly, for 


no viſible turbidneſs will ariſe; unleſs the kanne of 


water contains 98 grains of Glauber's falt, which 


contain 25 grains of vitriolic acid. Now, fince the 
acid conſtitutes one fourth of ſalited ſilver, we may 
. do Wen +; 
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determine the quantity of marine acid from'the - 

weight of the precipitate effected by the ſolution of 
_ filver when the precipitation is complete.— The 
quantity of acid contained 1 in vitriolated ſiver i is ve- 
ry little greater. 

If any hepar be "WIA the ſalited filver which 
precipitates is of a lighter or darker brown colour. 
It is alſo proper to obſerve, that a ſingle drop of 
ſolution of filver occaſions a viſible precipitation in 
Water altogether deſtitute of both marine and vi- 
triolic acid, provided it contains 12 grains of new- 
ly cryſtallized fal ſodæ to the kanne. Lime and 
magneſia, united with aerial acid, in like manner 
precipitate filver ; but the quantities have not yet 
been exactly determined. 

(r) Nitrated mercury is to be das with 
great cirqumſpection, as it poſſeſſes different pro- 
perties, according to the circumſtances of the ſo- 
lution; for if the ſolution has been conducted 
without heat, very little phlogiſton is loſt, and the 
falt cafily cryſtallizes, being white, and ſcarcely 
acrid. This is precipitated, by cauſtic vegetable 

* alkali, of a yellowiſh white; by the ſame alkali, 
ſaturated with aerial acid, white: by ſal ſodæ, 
yellow, which ſoon grows white : by volatile al. 
| kali, greyiſh black; by Glauber's falt, or diſen- 
gaged vitriolic acid, white, granulated, and in 
ſmall quantity; nor, if the precipitant has been 
ſparingly uſed, does it appear in leſs than an hour: 
. marine ae acid. common falt, and other ſaline ſuh- 

ſtances 


I -- 4 
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| ſtances containing that acid, white, in large quan- 
tity, and of a caſeous conſiſtence. Solution of 5 
mercury, made without heat, immediately diſco- 
vers the marine acid, even although there be no 
more than half a grain of common ſalt in a kanne 
of diſtilled water: but it diſcovers vitriolic acid 
more ſlowly; for about four grains of Glauber's 
falt (that is, one grain of acid) are requiſite in * 
kamne of water, in order to occaſion a viſible pre» 
cipitation with the ſame degree of quickneſs. 
Wöben neither vitriolic acid nor marine acid is 
preſent, the mercury is precipitated by alkalis ; as 
alſo by lime or magneſia diſſolved by means af 
aerial acid, —A fingle drop of ſolution of mercury 
forms viſible clouds, although there be no more 
#3 than fix grains of \hewly cryſtallized fal ſodæ in a 
kanne of water. 
Solution of mercury, "made by: long 3 
boiling in ſuperabundant acid, is more dephlogi- 
ſticated, as appears from the red yapours which it 
ſends forth. This ſolution cryſtallizes with more 
if difficulty, and has a very acrid taſte. It is preci- 

75 pitated by vegetable alkali of a browniſh yellow, 
wh dut by degrees aſſumes a paler yellow tinge; and, 
if the alkali be fully faturated with aerial acid, the 

precipitate is at firſt of a browniſh yellow, but af- 
terwards becomes of a yellowiſh white. A brown- 
iſh yellow powder is precipitated by ; this 
powder afterwards grows white. The ee 
Wee by 282 alkali 1 is white ; that by vi- 
N | _ 75 
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ther knowledge, in order to conciliate 


VC nn 


triolic acid, either diſengaged or 12550 with any 
baſe, yellow; but the precipitate immediately 
grows white upon the affuſion of à little marine 
acid. The ſmalleſt quantity of marine acid, either 


diſengaged or otherwiſe, occaſions a very copious 


white mucilaginous precipitate.—A blackneſs in 


the precipitate indicates either the preſence of an 


hepar, or F 
un of 
Mucilage 


7 


(%) It ſometimes happens, not only that the precipitate 


is black, but that there appears upon the ſurface of the li- 


quor a ſhining pellicle, which announces a ſpecies of revi- 
vification. When it is conſidered, that ſuch reductions are 
effected more eſpecially by the volatile alkali, which con- 
tains phlogiſton among its conſtituent parts, it would ſeem 


certain, that the precipitates are ſo much the more colour- 


ed, and the nearer reduction, as the liquor itſelf contains or 
receives from the precipitant more phlogiſton. Profeſſor 
Bergman furniſhes an additional fact in favour of this opi- 
nion, when he obſerves, that volatile alkali produces a pre- 


cipitate of a dark grey colour, when the ſolution has been 


"made without loſs of phlogiſton ; and of a white colour, 
when red vapours griſe during ſolution. He, however, e- 
ſtabliſhes here an oppoſite principle, viz. the more there re- 
mains of phlogiſton in the ſolution, the leſs is the precipitate 
coloured. Each, therefore, of theſe ſyſtems i is ĩnadequate 
to the explication of the phænomena. We want ſome fur- 


hy, for inſtance, the ſame ſolution. of e | 
is precipitated of a yellow colour by lime - water, * of a 


white by cauſtic volatile alkali. | 
4 author's obſervation is, notwithſtanding, not leſs 
valuable: : 


* 


Ange is alſo ab by nitrated n 
ry: thus diſtilled water, containing three g 


cherry. gum in the kanne, on the addition of ni- 
trated mercury nge 8 mas — . 
ſtriæ. 

(e) Corroſive fublimate 0 a in aſe for dis 
examination of waters, eſpecially for the difcovery® 
of acrated alkali. If a kanne of diſtilled water 
contains 280 grains of newly cryſtallized fal fode, 

a ſingle gram of ſaturated ſolution of corroſive ſub- 
limate immediately produces a reddiſh powder; a 
ſmall picee of the ſublimate itſelf, added to the wa- 
ter, diſcovers alkali, even better than the ſolution. 
—The cauſe of the redneſs of this precipitate * 
explained elſewhere (). 

Both lime and magneſia, when aerated, by | 
means of a double elective attraQtion, ris e bl a. 
calx of mercury, though ſlowly. i oo of 

- (8) Acetated lead is precipifated in the rn 
of a white opens by the marine acid, either ai. 8 


valuable: it may enable us to -diſcover why ſolutions or 
the ſame metal, in the ſame acid, are leſs permanent; Why 
ſolutions of metallic calxes are leſs apt to form depoſitions, 
when they proceed lowly, &c. Mr Maret has already 
made a. very happy application of this obſervation, by © 
ſhewing, in the Dijon courſe of lectures, that his proceſs 
for precipitating iron in the form of Ethiops martial, by 
_ cauſtic volatile alkali, never fails, but when a nitrous ſolu« 
tion, made by heat, and * red vapours, is employed. 
Morveau. 
| (2) Treatiſe on the Aerial Acid, Fxxi. 
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engaged or otherwiſe; and this new combination 
is ſoluble in vinegar, but is not a convenient pre- 
cipitant, becauſe ſalited lead is alſo ſoluble in a 
large quantity of water: it is more convenient for 
diſcovering vitriolic acid, for the precipitate or vi- 
triol of lead, which is in the form of ſmall grains, 
is ſcarcely ſoluble in waer, or even in vinegar. 
Diſtilled water, containing 118 grains of common 

falt in the kanne, ſhews ſtriz ſomewhat milky, if a 
ſmall piece of acetated lead be laid on the ſurface ; 
upon increaſing the quantity of common falt, the 
appearance becomes more remarkable. N carly 
the ſame weight (115 grains) of Glauber's falt is 
requiſite, in order to occaſion a viſible ſeparation 
of vitriol of lead—and hence it would appear, 
that theſe two acids are almoſt equally diſeover- 
able by acetated lead; but we muſt obſerve, that 
in 118 grains of common falt, the acid amounts 
to about 60 grains; whereas, .in 115 grains of 
Glauber's ſalt, the acid is no more than 294.— 
Now, as vitriolic acid forms nearly 0,28 of vi- 
triol of lead, we may, from the weight of the 
vitriol, in ſome degree judge of the quantity of 
acid, if the water be completely precipitated by 
the acetated lead. However, when muriatic acid 
is preſent, which is almoſt always the caſe, the 
_ concluſion is rendered inaccurate, on account of 

the much greater ſolubility of ſalited lead 
Acetated lead ſeems to loſe its acid ſpontaneout: - 
. ty 
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ly by age; z for a piece of it, when old, put into 
water, remains inſoluble at the bottom. 
A brown or black ſediment indicates the pre- 


nt fulphur in a ſtate of ſolution; alkalis, 


lime, and magneſia, diffolved in water by means 


| of aerial acid, alſo precipitate lead, without the 
preſence of either marine or vitriolic acid. A ſingle | 


drop of ſolution of lead exhibits white ſtriæ, in 


water containing no more than ſix grains of newly 14 


cryſtallized ſal ſodæ to the kanne. 
(s) In ſome caſes, martial vitriol ente to 
be of uſe. If a cryſtal of this ſalt be put into an 


ounce phial filled with diſtilled water, the phial 


immediately well cloſed, and ſet in a cool place, 
the vitriol is diſſolved, without - depoſiting any 


- ochre, unleſs the water / has taken up pure air, 


which very powerfully attracts phlogiſton, and 
therefore ſeparates a portion of it from the baſe of 
the vitriol; ſo that the baſe, being] calcined, re- 
quires more acid than before to ſuſpend it; and 
if the deficient acid be not added, the iron neceſ- 


farily falls in the form of an ochre. \ The ſame is 
_ evidently ſeen, when the precipitatiqu is effected 


by means of an alkali ; for the ſedimend,, which 18 

at firſt green, preſerves its colour in a vell ful -# 
and perfectly cloſed, provided the water be deprts 
ved of air, but in an open veſſel it ſoon changes 
to- a ferruginous colour ; becauſe, even though 
the water had not contained any air, the external 
air acts _ the err. When the water 

does 
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does not contain any thing. capable of. precipita» | 
ting the vitriol, a few drops of alkaline lixivium 
nay be added before the veſſel is ſhut; but if the 
Water contains air, the alkali is not neceſſary, as 
the baſe of the vitriol is quickly dephlogiſticated 3 
and hence, as has been before obſerved, the ſame 
quantity of acid is not ſufficient to diſſolve it, and 
conſequently: ſome ochre is depoſited. If there 
be, preſent at the ſame time a conſiderable, quan- 
tity of acrial acid, the ochre is rendered white 
The quantity of ochre ſerves in ſome meaſure 1 to 
determine the quantity of air-preſent. 
It is alſo neceſſary to obſerve, that not only al- 
1 but alſo lime and magneſia, united with 
aerial, marine, or nitrous air, decompoſe mar- 
tial vitriol, although a precipitate does not appear 
in every caſe; for marine acid holds iron ſuſpend- 
ed, although it be very much dephlogiſticated. 
_ (Tt). White arſenic is only uſeful when water 
is more or leſs impregnated with hepatic vapour, 
but does not contain a genuine hepar (x). If to 
ſuch water a ſmall piece of white arſenic be add- 
ed, the arſenic grows yellow by attracting the 
ſulphur, and is thus converted into orpiment. 
(u) Soap is not ſoluble in every kind of water; 
this is occaſioned either by a diſengaged acid, or 
by a large proportion of middle ſalt, with an 
_ earthy or metallic baſe ; in either caſe a decom- 
poſition takes place, the acid unites with the al- 
kali, and the oil is diſengaged: ſuch waters as 
* | ; | theſe 
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theſe are generally called hard waters, and are 

unfit for waſhing clothes, as alſo for boiling pale, 
and the harder kinds of fleſn. 
_ Diſtilled water ſcarcely takes up 0,x its own 
weight of ſoap, and that imperfectly, for it con- 
tracts an opal colour; ,and after ſome time the 
ſoap, which had been ſuſpended, falls to the bot- 
tom in the form of a mucilage. Spirit of wine 
acts upon ſoap 1 more powerfully, for it takes up 
more than + its own weight, after which it admits 
without growing. turbid, the addition of diſtilled 
water, but not of hard. If there be preſent i in a 
kanne of water but 8 graing of alum, ſalited 
neſia, or ſalited lime, a ſingle drop of this water 
occaſions a turbidneſs in ſolution of ſoap in alco- 
hol, diluted with an equal bulk of diſtilled watcr. 
(x) Some perſons add to the above- mentioned 
precipitants ie par ſulphuris, becauſe it is decom- 
poſed by the weakeſt acid, and even by the pu- 
reſt aerial acid ; however, in the examination of 
waters, we may readily diſpenſe with it, as well | 
as with ſalited lime, alum, corroſive ſublimate, ni- 
trated mercury, (at leaſt that Prepared by heat) 
and acetated lead ;—the ſame is true of milk. If 
to hepar ſulphuris a ſmall quantity of vitriolic acid 
be added, an elaſtic vapour is immediately gene- 
rated, with which water may be impregnated i in 

the ſame way as with aerial acid, and it will then 
poſſeſs the hepatic odour (v11t. 155 

© h added in ſufficient quantity preci- 


pitates 


7 


—_—_— 
wy _- 4 0 
4 " 5 k 2 4 "_—_ 
nh bo |, * "1 N VP N 1 ** — 
Lo 6 & E 
8 2 4 a 
. 233 1 
* „ eta 1 * 
3 a < 
. * 
= 4% 2 


* 
17 


- 
* * 
. S. 
RF s 4 "ts 
* 72 * Ll » W537 8 
* wx . 1 % 
1 * 
id t 


144 or TAE ANALYSIS or WATERS: - 


pitates all the ſalts found in waters which are inſo- 
luble in ſpirit of wine. Such are all thoſe con- 


| taining vitriolic acid, but thoſe conſiſting of ma- 
rine or nitrous acid are generally ſoluble, but re- 


quire different quantities of ſpirit for their ſolu- 


tion (9). Here it may be uſeful to remark, that, 


according to experiments which I have made 
for the purpoſe, alcohol, in an heat of 1 5 degrees, 
can take up, of dry nitrated 0 8 . 


weight; of dry falited magneſia, ; of dry ni- 


trated lime, 3; and of dry ſalited lime, 4x. 
Beſides the precipitants already mentioned, ma- 


ny others have been employed, which, I imagine, 


we may paſs over untouched, as they diſcover no 
more than thoſe already propoſed, nor are they 
more accurate. Nor indeed is it neceſſary to em- 


ploy the whole of the ſubſtances already exami- 


ned: it is true, that when time and circumſtan- 


ces permit, even ſuperfluous trials are not impro- 
per, as they tend to confirm one another; yet, 


for the moſt part, a few, when, well choſen, are 
ſufficient for the purpoſe.—For the diſcovery of 


acids, when difenga ged, we have occaſion only 
for the tinQure and paper of turnſole ;—when 


they are united with other ſubſtances, they are 


_ eaſily diſcovered by nitrated ſilver and ſalited ter- 


ra ponderoſa; - uncombined alkalis are detected 


by the papers tinged with Brazil-wood and tert 


005 Vid. M. 1 0 Exp.i in Comm, Grads 102 
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 meric, and when combined wih 'acids they are 
diſeovered by ſpirit of wine. Aerated calcareous 


earths are precipitated by the aeid of ſugar; and 


when thus completely ſeparated, that ſpecies which 
can afterwards be thrown down by aerated alkali 
is either magneſia or clay; the former of which diſ- 
ſolves in diſtilled vinegar, with efferveſcence, while 
the latter is taken up flowly, and without any effer 
veſcence.— Metals are plainly iſcovered by phlogi- 


ſticated alkali, but theſe, iron only excepted, are . 


rarely found in waters; ſo that, for the moſt part, 
tincture of galls is ſufficient.If terra ponderoſa be 
at any time preſent, it is diſcovered by vitriolic 
acid. —Saline or earthy hepar is very rarely found 
in the natural cold waters, but may be eaſily de- 
compoſed by any acid whatever; and when the N 
ſulphur, which occaſions a turbidneſs, is ſepara- 
ted, the tranſparency returns. In general, water 
contains only an hepatic vapour, which, though 
it reſembles hepar in ſmell, is not decompoſed by 
the addition of any acid, excepting only thoſe 
which, even though diluted, powerfully attract 
phlogiſton; —ot this kind is the nitrous acid. Be- 
fides, at Aix pure air, out of the water, ſeparates 
the ſulphur from the hepatic vapour, which, in 
this inſtance, k not renfined by wang vith an . 
kali (vii1.'s). | 
Finally, . precipitants may be ee, not on- 
ly with the waters newly taken from the ſpring, 
but after they have been reduced by evaporation 
Vol. I. K to 
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to a mall bulk. —If it be only neceſſary to deter - 
mine the quality of heterogeneous matters, one 


or two cubic inches of the water, and a few drops 


of the proper precipitants, will ſuffice ; but if we 
deſire alſo to know the weight of the different 
ſubſtances, large quantities of water muſt be ſub- 
jected to experiment, and theſe ſhould be con- 
1 in ebe ous veſſels. 491 31 


Vo . : a "Sf £3 : 7 
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3 VIII. Method of collecting the . 
volatile Matters. 


The elaſtic vapours, reſembling air, cb are 
more or leſs abundant in waters, have occaſioned 
conſiderable difficulty in the examination of them; 
and the method of exactly collecting theſe volatile 
ſubſtances was unknown until the preſent age: 
beſides; the methods at firit- employed (fach as 
agitation in a glaſs veſſel, with an empty bladder 
tied to its neck; or boiling the water, and con- 
ducting the vapour into a veſſel filled with water, 
and inverted) were lame and imperfect; — for, in 
the former method, the whole of the volatile in- 
gredient can ſcarcely be elicited- and in the lat- 
ter, no ſmall part of that which is extricated is 
agam concealed, being abſorbed r _ pong 
through which it paſſes. f 
But by the following method, "gp vapour, 
commonly apr " oe name of mineral ſpirit, 
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Von propoition ada water wh. en 
with aeriform matter, the dest is the 
quant) neceffary to be ſubjected to exatiuatiomʒ 
of ſuch as abound with it, half 4 quadfanb ß 
fufficient, and eight times that quantity of the Very 
pooreſt will be enough. For this Ne, 
retort is employed, with a long narrow neck; the 
end of which is bended upwards, (4 * c;"tabfii; 


fig. 2.) The retort muſt be ehoſen of ſuch a-fize 

hat the water may not boil Out througli tlie neck; 
flor yet too great a ſpabe be leſt above the water! 
kſt too large 4 quantity of common air be inclen 
ede temut od a n on gufiack gunman wok, 
Tube quantity of witer HSE deine poles I - 
to be determined, being put in, let the fetört be +." 
fs placed that it may be expoſed” to heat; but | ,* = 
before the fire is Tighted let the glals veſſel o kr; : 
filled with mercury, be inverted over the extremity 
of the tube n c, (which is turned upwards; "and 
ſuſtained in the veſſel x 6, full of mereuryJin fuck 

à manner that the mouth of the veffel b K* may be 
ſomewhat beneath the ſurface of the fluid tnetal in 
the veſſel r 6. This operation requires a dexterous 
and experienced hand, to prevent the mercury from 
falling out during the inverſion of the veſſel; or: 
which comes to the ſame, to prevent the admiſ- | 

ſion of air into the 'veſſel 9 C: the ſize of that pl 
veſſel ſhould be ſuch that it may be ably to con- 
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tain all the elaſtic fluid extricated, together vin 
the portion of common air contained in the retort 
above the furface of the water; — its capacity 
ought therefore to be ſomewhat greater than the 
ſum of the. bulks of the air, contained in the res» 
tort, and of the water under examination, if the 
water be ſaturated with elaſtic ur; but if it be 
common water, a much leſs fize will ſuffice. 
Ihe whole apparatus being properly prepared, 
fire muſt be applied, and continued to full ebulli. 
tion. The heat penctrating the water, occaſions 
a quantity of bubbles, which, increaſing. as the 
heat increaſes, paſs through the mercury, and are 
collected in the upper part of the veſſel p k. A 
few minutes boiling will not indeed be ſufficient to 
expel all the elaſtic fluid, but the portion remain- 
ing will be very ſmall, and of little moment. . 
After this proceſs, let the height at which the 
mercury ſtands in the inverted veſſel be noted, 
and thus we may aſcertain the ſpace apparently 
empty, in cubic meaſure. If the veſſel p E be 
cylindrical, and divided into known parts of dis 
menſion, the bulk of the elaſtic fluid appears barely 
from inſpection; from hence, ſubducting the bulk 


ol the common air contained in the retort, the bulk 


of the elaſtic vapour extricated from the water is 
determined. —If this apparatus be not at hand, a 

Florence flaſk, or ſome other veſſel of proper ſize, 
may. be uſed, and a bladder, well compreſſed, 
tied to its neck, to receive the vapour extricated 
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by boiling : but the concluſion in this caſe vi be 


leſs accurate. 


Before the retort cools, the bended part of the | 


neck muſt be taken out of the mercury, otherwiſe 
that metal will gradually fill the retort; for the 
apparent vacuum over the ſurface of the water is 


only occupied by a watery vapour, * is re- 


nn 


3 The author here ſuppoſes, / tas the gamity of 


ee diſplaced 4 c, in the cylin- 
drical receiver here ſketched, indicates 
' the quantity of elaſtic fluid diſengaged 


by boiling ; but this eſtimation is not 


exact, becauſe the air contained in 


the ſpace 4 c is in a greater ſtate of 
dilatation than the atmoſpherical air z 
for inſtead of being charged with the 


whole weight of the atmoſphere, it is 
only charged with that weight, di- 
miniſhed by the weight of the column 
of mercury n ſo that if the pre- 


ſent ſtate of the barometer in the o- 


pen air ĩs expreſſed by u, the height of ä 
the column c » by b, the denſity of the ale a cat de 


A 
8 
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to that of the open air, in the proportion of a —h to n. 
If then the column c n is of feven inches, while the baro- 


meter ſtands at 28, four meaſures of the air contained in 


a © would be only equivalent to three, at the degree of 
condenſation of the open air. Further, the error may be 
total, i. e. by following this method one might be led ta 
believe that there was air in water which contained none at 


ally becauſe the air remaining in the neck of the retort, dri- 


K 3 


ven 
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| .) The elaſtic fluid, thus colleRed,: geiierally! = 

8 ceonſiſts partly of pure air and partly of aeriab acid! 
10 demanſt rate this, and ( both be preſent) to 

determine the quantity of each, one of them muſtt : 

be ſeparated; which is performed in this manner: | 

Let the acriform fluid be agitated with lime- water, 


1 which may be introduced into the inverted veſſe © |, 
13 tb cloſing it carefully, and trans ferring it from the 


mercury into a veſſel filled with lime - water, and 
then opening it, by theſe means the aerial acid is 
abſorbed, and the pure air, if any there be, re. 
mains alone — the bulk of which ſubdutted from 
. NA 9B een eee ane 
ven by the ebullition into a ©, will be the more expanded} 
the more the preſſure of che air is diminiſhed, or the higher 
the column n c happens to be. Attention ſhould there - 
fore be paid to this dilatation, and it may eaſily be aſeer · 
tained ; for if the volume of air remaining in the retort is 
called v, the volume of mercury diſplaced in the receiver 
r, the height of the mercury in the barometer at the time 
of the operatibi n, and the height of the column of mer- 
cury c B, h, the quantity or bulk of the air really diſenga- 
ged from the water by boiling, and reduced to the denſity 


of the atmoſpherical air, will be 1—e— _ = Tf, for 1 in · 
ſtance, . three meaſures of air bad been I in the retort, | 
and that. air had diſplaced four in the receiver, and the co- WM 


lumn of mercury. C B had been 7, inches, and the haro - 
meter at he the quantity of air produced would be 


43 - e. Oey ee 
Lux de Morveau. | 
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the whole ſhews the quantity of aerial acid (). 

(c) The aerial acid conſtitutes the genuine 
 ſbiritus mineralis of the ancients. as is moſt evi- | TT 
dently demonſtrated by the analyſis above propo=. _. | 1 


fed; for all the mineral waters celebrated for virtue 
give out a conſiderable quantity of an elaſtic fluid, 
(even ſometimes a portion equal in bulk to the wa · 
ter itſelf), poſſeſſing all the properties of that ſub- 

tile acid. And what puts the matter beyond doubt „ 

is, that if the elaſtic fluid of ſuch waters be either REES 4 


wy os Mr Gloaneni is of opinion, that the quantity of. 
aerial acj id may be better determined by weight than bulk; 
his i certainly does not require either an apparatus 
on purpoſe, or ſo much nicety: he puts into a large bottle 
two pounds of aerated water, and pours in a fuberabun- 
dant quantity of lime-water, he then corks it; as ſoon ag 
all the precipitate has fallen to the bottom, he ſeparates 
the liquor by means of a ſyphon, and, having edulcorated 
and dried the precipitate, eſtimates the weight of the aerial 
acid by the weight of the calcareous earth. In order to 
281 diſtinguiſi the uncombined aerial acid from that which 
might be united with ſome baſis, he repeats the ſame ope» 
ration upon water deprived of its air by boiling. Mr 
Gioanetti aſſumes, for the foundation of his calculation, 
the experiments of Mr Jacquin ; according to which, 32 
parts of calcareous earth contain 13 of fixed air, 2 of wa- 
ter, and 17 of earth; but this eſtimation differs from that 
of Profeſſor Bergman by vv; whence it appears, that it 
is not-leſs difficult to determine with precifion the quantity 
of fixed air contained in calcareous earth than the propor · 
tion which the bulk of this fluid bears to its weight. See 
Analyſe des Eaux de St om p· 14. Morveau. 
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gradually diſſipated in an open veſſel, or ſuddenly 
expelled by heat, the water loſes its grateful pungent 
> acidity, which it recovers altogether, when the loſs 
of that elaſtic fluid is ſupplied : analyſis and ſyn- 
theſis then agree ſo perfectly on this occaſion, 
that whoever conſiders the operations with due at- 
tention mult be clearly ſatisfied of the truth of the 
poſition —in another place, I have at large ex- 
+ Plained the method by which the natural e 

waters may be imitated. 

It may happen, indeed, that the phlogiſticated 
vitriolic acid (commonly called volatile acid of ful- 
phur) ſhall be mixed with the aerial acid; but 
moſt undoubtedly this is a very rare occurrence: 
at leaſt, I do not heſitate to aſſert, that the Pyr- 
mont, the Spa, the Seltzer, and other waters, whoſe 

| penetrating and volatile efficacy has been / attribu- 
ted to a diſengaged phlogiſticated vitriolic acid, do 
not contain the ſmalleſt particle of it. Theſe wa- 
ters, upon analyſis, are found to contain lime and 
magneſia aerated ; and the laſt (the Seltzer) alſo 
contains an aerated mineral alkali, which is utterly 
incompatible with the exiſtence of a diſengaged 
vitriolic acid; for this acid, to whatever degree it 
may be phlogiſticated, attracts lime, magneſia, 
and alkali, with a force ſuperior to that of the ac- 
rial acid: if preſent, therefore, it muſt expel the 
weaker acid, and take its place—that is, it muſt 
loſe its diſengaged ſtate. The preſence of phlo- 
N vitrigli acid _ therefore be affert- 


cd, 


[ 
| 
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ed, without a palpable contradiction, ſo long as 


any aerated alkaline ſubſtances are found in the 
ſame water. It is alledged, indeed, that this de- 


| | compoſition cannot take place in the boſom of the 
| earth; and no doubt (t) that is ſometimes the caſe; 
but it certainly cannot hold with reſpe& to Pyr. 

mont, of which, however, it is particularly aflert- 
ed; for, at its very firſt appearance, upon the ad- 

dition of ſpirit of wine, it ſeparates its magneſia 
and lime completely vitriolated. No perſon who has 
ſeen or examined the phlogiſticated vitriolic acid, 
can poſſibly confound it with the aerial acid; for 


the ſmell of the former is-pungent and highly pene- 
trating, that of the latter ſcarce ſenſible : the taſte 
of the former, acrid and nauſeous; that of the 


latter, very mild and agrecable : the former may 
be reduced to a liquid form; the latter is always 
in a ſtate of vapour : the former, being ſtronger, 


expels the latter from every kind of and 
forms, with each of them, compound falts of a 


— 


ſpecies very different from thoſe formed by the 


ſame with aerial (v) acid; in ſhort, they ſcarce-- 


ly poſſeſs any property in common, excepting on. 
ly the general properties of acids. If the opinion 


of ſuch as confound thoſe two acids were well 


founded, the former would not change the co- 


1 


ch t dein B 3s 
(v) Treatiſe on elective Attractions. 


lour of ſyrup of violets, which the latter i is bene 
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ft \ FIEK found todo; but I have always obſerved that phlo- 
8 a gilticated vitriolie acid, unleſs when mixed with 
= iron, changes ſyrup of violets ral. 
„ | ) Waters abounding with fixed air, as I — 
1 | {BE SL fore obſerved, poſſeſs a pungent but agreeable a». 


c-ſcent flavour; and from hence, doubtleſs, it is 
that from the moſt remote times they have been 
called acidule. The propriety of this denomina- 
tion is called in queſtion by many perſons at this 
3 1 day, becauſe theſe waters efferveſce with acids, 
{AY and not with alkalis; and alſo change the colour 
| BAY of ſyrup of violets to a green; which are conſi- 
| dered as certain ſigns of an uncombined alkali. 
But here we muſt obſerve, iſt, That, ſtrictly, 
ſipeaking, efferveſcence with acids never indicates 
; apure alkali, but an alkali united with the aerial 
| acid, which, upon the addition of a more power- 
ful acid, is ſeparated, and, recovering its elaſtici- 
ty, muſt float in the form of bubbles on the ſur- 
face of the more ponderous fluid ; whereas an al- 
kali perfectly cauſtic does not excite the ſmalleſt 
efferveſcence with acids: 2d, A fimilar efferveſ- 
_ cence alſo takes place, when lime or magneſia ae- 
rated meet with an acid; and this is the cafe with _ 
Pyrmont water, which does not contain any aera- ? . 
ted alkaline ſalt.— Spa water. indeed, contains a 
{mall portion, and Seltzer ſtill more: zd, Alka. 
line ſubſtances, whether ſaline or earthy, though 
ſaturated with aerial acid, yet act as precipitants, 
in wrue of their alkaline nature, and exert a cer- 
: tain 
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taim free upon various Hoddek; Which force B bot 
\ altered. 'by che aerial acid, on account of its ex- 
treme weakneſs ;/ this force is, however, ſome- 
what”: diminiſhed, though it ean be entirely ſup- 
pteſſed by the quantity of acid neceſſary to the ſa- 
turation of the alkaline falt and the water which 
1 diflolves it: Ath, The aerial aeid cannot efferveſee 
Wich alkalis, becauſe it is the-expatſion of this acid 
by a ſtronger one] that occafions the motion and ; 
the ſpumeſcence, rances which are not oc- 
caſioned by the meeting of an alkal with the aerial 
acid. Thus the moſt completely aerated Pyrmont ; 
or Seltzer water, upon the addition of a ſmall quan- 
tity of alkaline ſalt, particularly if cauſtic, imme - 
diately grows flat, and acquires a vapid taſte, and 
that without any viſible motion: $th, The green | 
colour induced upon ſyrup: of violets is evidently a 
fallacious teſt (vii. c); for diſtilled water, in which 
a ſmall quantity of martial vitriol is diſſolved, poſ- 
ſeſſes the property of OY — that 
ſyrup green. 
Since, then, in the dciawlous waters, not- only: 
the alkah is ſaturated with aerial acid, but the wa- 
ter alſo: contains it ſo copiouſly as to render tinc- 
ture of turnſole red, ſuch waters cannot properly 
be conſidered as alkaline. This acid, though fu- 
perabundant, is ſo weak, that it is not able totally 


to repreſs the alkaline properties; it is alſo vola” | ER 
tile, but neither its weakneſs nor its * can - 
ge. tooka its eſſential properties. 
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© (8) From the ſulphurated hot waters an hep. 
tic vapour is collected, the preſence. of which is 


readily diſcovered by its peculiar fiztor : this is 


ſometimes preſent, together with aerial acid diſen- 


gaged, and it is decompoſed, when it has quitted 


the water, by pure air; which cannot appear ſur- 
priſing, as concentrated nitrous acid is capable of 
effecting that decompoſition, even in the water. 
The explanation of both is the ſame : Thus the 
hepatic aura is tenacious of its form of vapour 
hence a very large and dry ſurface of contact is 
preſented to the atmoſphere, in conſequence. of 


which the pure air ſcizes the phlogiſton, which in 


a hepatic vapour connects the ſulphur with the 


matter of heat, and thus, the bond of union be- 


ing removed, the ſulphur appears in its proper 


form. This is the origin of the ſulphur which is 
ſublimed at Aix-la-Chapelle ; hence, too, we un - 
derſtand how hepatic vapour is quickly decompo- 


| fed, and depoſits its ſulphur, upon the addition of 
any ſubſtance which is capable of ſeparating the 
phlogiſton I before mentioned the conſtituent 


parts of hepatic vapour; but as this is particu» 


larly examined in the Treatiſe on Subterranean 
Fire, I omit the analytical demonſtration of it 
here. 
(e) The volatile ſalts, which, if L may de allow- 
_ ed the expreſſion, are more corporeal when they 


happen to be preſent, are found to be driven over 


no we, rect pient, or. ſometimes, though, very, 
_ rarely, 


vs . 
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. adhering to the neck of the retort, as the 
vapours diſſolve and carry them over; this 
ies particularly to volatile alkali and the am- 
moniacal ſalts, which may be eaſily ſeparated by 
the precipitants deſcribed (S v11.). Sometimes, 
however, the water, paſſing over alſo, contains a 
portion of acid, which, upon examination, is 
found to be of different ſorts : thus, when nitrated 
lime or magneſia is preſent, the nitrous acid comes 
over, becauſe the conſtituent principles of thoſe 
falts cohere ſo looſely, that they are ſeparated by 
boiling, if continued for any length of time: but 
the muriatic acid cannot, by this degree of heat; 
be ſeparated from any ſalt, except ſalited magneſia; 
the phlogiſticated vitriolic acid may alſo be obtain 
ed in this manner, if it be uncombined the quan · 
tities of the ſalts thus decompoſed may be diſcover. 
ed by ſaturating the acids reſpectively with baſes of 
the ſame ſort with thoſe from which they have 
been expelled. The weight of the new com- 


pound indicates the RAS of ſalt 1 
by. the fire. | 


* 


IX. tht of collecting the fixed — 5 
| ws neous Matter. | 


W e — of the water, 1 final 
hoteragmnagus matters are continually reduced to 
. narrower. compaſs, and at length the water be- 
comes eee retain thera all: hence they 
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gion. — I ſhall na proceed td 
eee ieee more A en 


| are. corroded, and therefore are in general altoge- 


are ſeparated by degeoes, che leaſt ſoluble: firſt 
and then ſuch as require-leſs water for their ſulu- 
eſcribe the m- 


larly- bt 4 
o C The nt ole a 
becauſe fluids cyaporate more or leſs quickly, in 


proportion to their ſurfaces. We may ſafely em 


ploy for this purpoſe earthen veſſels, provided they 
are ſo compact as not to abſorb any ſaline matter, 
with a denſe and ſmooth ſurface, which will not 


be liable to deſquamation; fo that ſuch matters ut 
aghera 40 it during evaporation may be cafily ſe- 
and ſcraped off pure. Iron and copper 


ther unfit for this purpoſe : neither is tin conves 


nient: ſilver, beſides being expenſive, is ſome · 
times unſafe, eſpecially. if there be any uncombi- 


ned nitrous acid in the water: veſſels made of 
ſtone ware are excellent in many reſpects, but are 


liable to two objections: For, firſt, Their ſurface 


is ſomewhat rough, hence a part of the reſiduuin 
may eaſily be concealed in the holes and inequali - 
ties; and, ſecondly, they are ſoft, ſo that fuck 


particles as adhere very cloſely cannot be ſcraped 
off, without danger of ſcraping off alſo a part of 


the, veſſel :/ glaſs veſſels would de the moſt conve- 
nient, if the operations could always be conduct- 


eld in them without breaking; — ſmall and ſuffi- 
ciently chin glaſs veſſels may, without danger, be 


_—_ | | expoſed 
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Expoſed to an intenſe open fire, if properly regu · 
lated ; but ſuch as are neceſſary for containing 
large quantities require for that purpoſe a ſuffi. 
cient degree of thickneſs ; and hence, being unfit 

to: endure ſudden changes of heat and cold; are 

; eaſily broken. The ſize of the veſſels depends up- 
ou the quantity of e ee e $8410 
experiments. 

(3) The quantity Ae to 5 ſub⸗ 

at one time to experiment is generally de- 
termined by the quantity of heterogeneous con- 
tents; if theſe are abundant, one kanne is fuffi- 
cient; but when the quantity is ſmall, fix, eight, 
or more are requiſite. If our veſſels are not of 
ſize ſufficient to contam the whole quantity at once, 
we muſt add the water from time to time, accor - 
ding as room is made by the evaporationz but this 
muſt be done with great circumſpeQion, leſt the 
warm veſſel n be broken apo. eg 
1055 waler . 

(c) abe evaporation is molt proper; for 
by violent ebullition a portion of the ingredients is 
diflipated,; nay ſometimes decompoſed. A cover 
is neceſſary, to keep out the charcoal, duſt, and 
embers; this cover muſt give exit to the vapdurs 
by an hole ſeveral inches in diameter; but the 
hole ſhould ba kept ſhut untit the iſſuing vapour is 
4 deeper ee e- des a ee eee 
"EP rag 45 

0 In this pods ileem phenomena — | 
wy according 


* 


te to the different contents of the waters 
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If there be preſent lime and iron aerated, in an. 
intenſe degree of heat, ſuch as 800 or gov, they 
are deprived of the quantity of aerial acid neceſ- 


ſary to render them ſoluble ; they collect, there - 


fore, on the ſurface, where the volatile menſtruum 
firſt becomes deficient, and form a pellicle, which 


being broken by the agitation of the water, falls 


to the bottom when the motion ceaſes. This hap- 
pens becauſe lime and iron, when barely ſaturated 
with aerial acid, refuſe to unite with water, but 
may be taken up when this ſubtile menſtruum is 
- ſuperabundant in the water. This ſuperabundance 
| adheres to them but lightly, and therefore flies off 
during evaporation ;—which alſo happens ſponta- 
neouſly, upon ann the water for ſome bre in 
an open veſſel. 

- The above-mentioned Pele i is lei re 
when formed by iron; and in this caſe it is tinged 
with the different priſmatic colours, according to 
he different points of view. It has been thought 
that this contained a certain bituminous oil, parti- 


cularly becauſe it detonates with nitre; but not 


the ſmalleſt particle of this unctuous matter has as 
yet been diſcovered in it. As to the detonation, 
that is occaſioned, in the preſent caſe, by the phlo-+ 
giſton remaining in the martial earth, which when 
freſh contains ſo much of that principle, that it i 

ſoluble in all acids. But this remainder of phlo · 
giſton is gradually diſſipated, and that the more 
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duicky, and in proportion a as it has been expo- 
| ſed to the more heat during evaporation, and to 
the more free acceſs of atmoſpheric air. The ſi- 
multaneous variation of colour indicates nothing 
more than various degrees of tenuity, or various 
ſtates of dephlogiſtication in the particle. 


If aerated magneſia be preſent in water, it is 


not ſeparated all at once, but continues to fall by 


degrees during the whole proceſs, from the begin- 


ning of the evaporation even to dryneſss. 


Aerated lime and ſiliceous particles fall ales 


before a boiling heat. 


Of all the ſalts, gypſum falls firſt, but not cunt : 


long after aerated lime and aerated iron. 

If ſaturated ſolutions of different ſalts be mix- 
ed, they all appear, during the evaporation, in an 
order conformable to their degree of ſolubility 


that is, ſuch as are leaſt ſoluble in water appear 
firſt :—thus, alum is the foremoſt, then vitriola- 
ted vegetable alkali (if any there be) afterwards, 


in order, martial vitriol, common nitre, vitriol of 


copper, ſalited vegetable alkali, mineral alkali, 


common ſalt, vittiol of zinc, vitriolated magneſia, 


and, laſtly, the deliqueſcent ſalts: but this order 
is frequently interrupted 2 the fene of the 


diſſolved matters. * 15 
The different Werte matters re 


dingly be either ſeparated as they ſucceſſively appear, 
or, by continuing the evaporation to dryneſs, be ob- 


tained all mixed together. The former method i is 


* — — 4 * 
P 
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in ſome inſtances ſufficiently commodious, but is 
3 pea of little uſe, eſpecially when aerated 
magnefſa is preſent, as this ſubſtance does not ſe- 
parate altogether ; beſides, the ſalts, however care- 
fully collected in this way, are more or leſs mixed 
with each other, and the deliqueſcent ſalts occa- 
ſion much inconvenience, eſpecially about the end 
of the operation. If every particular ingredient 
is to be ſeparately and accurately collected, the 
water mult be frequently filtered, a proceſs which 
is attended with as much trouble as the repeated 
ſolution and evaporation of the reſiduum, but is 
much more uncertain, on account of the particles 
which are loſt upon the filter—hence the latter 
method appears to be more eligible, If circum- 
ſtances permit us to repeat our analyſis, the for- 
mer method may be wat for che eee | 
riſon. 

(+) ,The . being continued to hy 
oe; the whole reſiduum ſhould be carefully col. 
lected, and, if thought neceſſary, weighed ; but 
the weight of the-whole will be more accurately 
determined from the ſum of the ſeveral ingredi- 
ents; becauſe, on account of the inequality of ex- 
ficcation, more or leſs of the water of cry ſtalliza- 
tion may be expelled. —Such falts as can be redu- 
| ced to the form of cryſtals ſhould be ann when 


in that form, 


* 
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# 


Fx, Examination of the Reſiduum not t Joluble | 


in Water. 


(4) The whole reſiduum, well dried, is then 
put into a bottle, and alcohol poured over it, to 
the height of an inch; the veſſel is then ſhut cloſe, 
and ſhaken ; and, after ſtanding for a few 287 
the liquor is filtered. 

() To the reſiduum is then added eight times 


the quantity of cold diſtilled water; the mixture 


ſhaken; and, after aan ſome 9 i is fil- 
tered. 

(c) Finally, the reſiduum is boiled for a quar- 
ter of an hour in ſomewhat more than four or five 
Hundred times its weight of diſtilled water, and. 
afterwards filtered. 

(v) The reſiduum now is not ſoluble, either in 


ſpirit of wine or water. If it abounds in particles 


of iron, let it be expoſed in an open veſſel for 
ſome weeks to the rays of the ſun, and moiſtened 
from time to time : by theſe means the metal is 
ſo much dephlogiſticated, that it is not ſoluble i in 
vinegar, (an effect which may be produced in a 
ſhorter time, by means of heat), but at the ſame 


time the magneſia is calcined, and the weight ſuf- 


fers a (u) Jiminution. The preſence of iron is 
Iu cw diſcovered by the brown colour. The 
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flow calcination bo the ſun's rays occaſions no. in 
convenience; for the reſiduum being dry, a tra- 

veller may eaſily carry it with him where · ever his 
occaſions lead him. : 

The reſiduum generally confiſts of three or 
more ingredients mixed together ; ; theſe may be 
ſeparated from each other by the following me- 
fthod : iſt, Upon this reſiduum, previouſly calci- 
ned, if neceflary, and weighed, is poured diſtilled _ 
vinegar, which, by digeſtion, diſſolves the aerated 
lime and magneſia remaining in the reſiduum. 
Any mineral acid may be employed for this pur- 
poſe, if there be no iron preſent, a circumſtance 
which ought to be previouſly examined by the co · 

& lour and by the precipitants above deſcribed ; . but 

. zs there is ſometimes preſent an argillaceous mat- 

| ter, which is more eaſily taken up by the mineral 

. acids, I rather recommend the uſe of diſtilled vi- 

A OL negar. The reſiduum, which is not taken up 

br by the vinegar, when waſhed and dried, ſhews, 

© 2p | by its loſs of weight, bow much has been * 

| "bg VVV | 

| - 2dly, The acetous ſolution, —— to wa 

neſs, yields acetated lime, filamentous, and re- 
ſembling moſs. This ſubſtance is permanent in a 
moiſt air, if it, only conſiſts of lime; but deli- 
queſcent, if it contains magneſia. This point may 
| alſo be further aſcertained by diluted vitriolic acid, 
(which, to guard againſt ſuperabundance, ſhould ' 
be dropped in ſparingly and flowly) ; for this acid, 
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in the former caſe, converts the whole maſs into 


gypſum, which falls to the bottom. and is nearly 
void of taſte; but in the latter, it diſſolves the 
magneſia perfectly, forming vitriolated magneſia 


extremely bitter, and which, on evaporation, 
forms priſmatic cryſtals ; or, if the baſe be mix- 


ed, it forms ty gypſum, partly wire mag- 


neſia. 
Zdly, In e to know the weight of foloble 
earth which had been ſuſpended.in the water, let 


the gypſum and vitriolated magneſia be ſeparately 


diſſolved, precipitated by an aerated alkali, waſh- 
ed, dried, and weighed; but this tedious proceſs 


may be avoided, if we recolle& that 100 parts of 


gypſum contain about 34 of pure lime, which are 


equivalent to nearly 62 of aerated lime; and that 


100 parts of vitriolated magneſia contain 19 of 
pure magneſia, which are ts to 43. of 0 
magneſia. 25 

athly, That part which | is not foluble i in abs vi- 


negar, is either argillaceous, martial, or ſiliceous. 


The preſence of the firſt always renders the water 


ſomewhat turbid, and of an opal colour: this, as 


well as the martial earth, is ſoluble in marine acid; 


but the metallic earth may be precipitated alone 
by a phlogiſticated alkali ; after which the argil- 


laceous part may be thrown down by an alkali, 
Such portion as reſiſts a ſufficient quantity of ma- 
rine acid, is filiceous earth, which may be further 
determined by the blow pipe; for this earth, when 


j | 
3 


L 3 I added 


i l y — 1 d 
was. 4 — . Aa. 4 4 « a '*.. 1 —_— 
-4 4 . 2 + of" « N — * *, > 3 230 
« 3 4 * LS * Da * SY 2 
of G Y 1 4 a of x. - * ITY . 0 — 5 * * 
F ** ZN = by: 15 r 3 * e af \x = < \ 
A fo es. * A 5 n - # of 8 4 SA. of 
«rt - fg ” 53 G6 rr % N 
" 1 "ET. OT. of WS _ 


» . 
ese 


n 
nn + 


4 & 1 g an, 
„ 


* r q — Pre 
. 2 ' g — —— 9 
8 e : 4 N » * , , * 
, , 1 | \ * wy Y 1 7 * 7 71 7 ©, 58 - 
L oy \ ;Þ * „ * 
— * 
4. 2 
0 „Re 28 2 
; 5 A * 3 | ; 3 4 + ag * — 
4 4 : ; pf - a 7 : 2 Oh 5 em . - 
"LS 1 . , _ 2 4 Cal ape; 
7 | h EA by A 1 [ae a 7 0 N 1 ow = a „ 2 * 2 
. ey 8 9 O's * = * ö — « — 
—— I eee > ap KOEN — 1 4 —— r You _ — ou 5 h — f 
lf W RF IR - — A Ig, © JAWS Mc 
wy 
t L * 4 
| . * 4 4 . £ » 
; Y 8 1 4 \ FR - 20 * E 
3 . 
* ” : « : L af — «4 s 
* : 7 * , 5 4 
* - ” 
* - ; : n "i 


166 or THE ANALYSIS OF WATERS: © 


added to the mineral alkali in fuſion, unites with 


it, with a violent efferveſcence, and is IP to- 


tally diſſolved (e). 


Ithly, Aerated manganeſe may, perhaps, fans 
times be diſcovered in waters; in which caſe it'18 
found in the reſiduum, No 4, and may be ſepara« 
ted in the following manner :—Firſt let the reſi · 


Auum be violently calcined, then pour upon it di- 


luted nitrous acid, with the addition of a little ſu- 
gar; and, after ſtanding for about an hour, let 
the liquor be filtered. Upon dropping an alkali 
into the filtered liquor, a white powder falls, which 


by ignition grows black, and the weight of which 
is to be determined by the balance. The rationale 


of this operation will readily appear (F) bereafter; 
I therefore paſs it over here, in order to avoid re. 


| petition as Rn R 


© Mr Gioanetti a. c. p. 22.) is of opinion, that the 
quantity of iron may be determined by precipitation with 
galls ; he pours in the infuſion till there is a ſuperabundant 
quantity; and he afterwards expoſes the precipitate to heat 
in a luted crucible ;z—it loſes about 4 of its weight, and 
becomes ſenſible to the magnet. This proceſs may be uſe- 
ful to verify or compare reſults, but alone is not ſufficient, 
as it affords no indication of the ſtate of the iron, nor of 
the menſtruum. Beſides, the great diminution of the pre- 
cipitate after calcination, does not allow us to ſuppoſe that 
its magnetic properties are ee brat exceſs of PN” 
ton. Morveau. | 


7, ) of the white Ores of ee. 
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6thly, 
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y, If at any time acrated'terra ponderoſa is 
ng in the refiduum, (which certainly may 
| be the caſe, although no perſon has hitherto diſ- 
covered it), it diſſolves in vinegar like the other 
abſorbent earths, and differs from lime in this par- 
ticular, that it forms, with vitriolic acid, a ſpa- 
thum ponderoſum, which is not ſoluble in a thous» 
ſand times its weight of water. 100 parts of this 
\ ſpar contain about 84 of pure terra ponderoſa, 
which are nearly SIN, to 130 of that earth 
when acrated.” - 


1 xl. Examination of the Refi ſauum ſoluble i in 
(3 170 Hater. PE HA 


\ : | We al now proceed to examine th olutons 
| NY: in the preceding ſection. 


(a) The: ſolution obtained by alcohol 5 a) 5 


contains chiefly lime and magneſia ſalited, lime 
and magneſia nitrated, together with ſalited terra 
ponderoſa, if one or more of theſe ſubſtances be 
contained in the water. In order to diſcover the 
1 quality and quantity of the ingredients, evaporate 
to dryneſs, pour on diluted vitriolic acid, and con- 
tinue the proceſs as deſcribed (x. b, 2, 3.). Some- 
. times the alcohol alſo contains a dephlogiſticated 
martial vitriol, which may be ſeparated from the 
ſolution, diluted with a ſufficient quantity of water, 
by a phlogiſticated alkali. The ſolution i is of a rede 
diſh brown. | 
8 L 4 5 (s) The 
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() The ſolution made by cold water (x. 5.) is 
to be thus examined: 1ſt, Cryſtallization is to be 
attempted by 8 tle evaporation this cryſtalliza- 
tion ſucceeds better when the deliqueſcent falts are 
ſeparated. Excepting common ſalt, (of which 
cold water diſſolves nearly as much as hot, and 
which therefore is cryſtallized by continual eva - 
poration), all the ſalts eaſily aſſume regular forms, 
if the evaporation be carried on in a heat of 800 
or 90e, until a drop of the ſolution let fall upon 
a cold glaſs, in the ſpace of a minute, exhibits 
cryſtalline grains or ſpiculæ. Slow refrigeration 
is alſo preferable to a quick one. Evaporation 
conducted with a boiling heat, will ſometimes pro- 
duce perfect cryſtals on the ſurface; but theſe ge- 
_ nerally conſiſt of an aggregation of various forts. 


'P When we are only inquiring into the ſpecies of the 
n ſalt, and not its figure, we muſt Rc in ano- 
1 | ther way: — 


Let the cryſtals which. ſucceſſively appear be 
ah upon bibulous paper and dried, but not ſo 
much as to expel any of the water of cryſtallizas« 
Fob tion: the form; taſte, and other qualities, men- 
= rioned in p, will in ſome meaſure ſerve to deter-: 
* 5 5 mine the true nature of each ſalt; but in order to 
oP y avoid the ſmalleſt doubt, we ſhall conſider them all 
| n the following manner: in No 2. alkaline falts 
1 alone are comprehended; 3. neutral ſalts; 4. ear- 
5, 2 thy falts; 5-metallic ſalts; and, finally, 6. a num- 


Ld 


ber of mixed ſalts which! are re ſeparated with more on 


cult. 
2. Whether any given ſalt be katine or not, 


; Mt be diſcovered to a certainty by various me- 
thods; viz. by its lixivious taſte, efferveſcence - 
with acids, and the various precipitants (VII. B. c). 


By uniting it with vitriolic (gs) acid, we =w_ de. 
termine the ſpecies of alka. ny 


Authors ſpeak of a certain imperfe& mineral . | 
kal; but all of that ſort, which T have had an | 
opportunity of ſeeing, appear to be no other than 

a genuine alkali, but impure, particularly vitiated 


by deliqueſcent ſalts. But we ſhall have occaſion, 
Prog, to ſay more of this hereafte.. 


8 T call thoſe ſalts neutral, which are compo- i 
fed of an acid and an alkali; and I call thoſe 
22 ſalts, which have not a ſaline, but an 


earthy, or metallic baſe. Perfect neutral ſalts, 


ſuch as are found in water, do not ſhew any ſigns 


either of acid or alkali in a diſengaged ſtate,” nor 


are ſolutions of them rendered in the _ turbid ; 


on the addition of an alkaline ſalt. Ah: fa 1 


In the examination of either wie or middle 


falts, two circuinſtances muſt be » particularly 
attended to; namely, 1ſt,” to determine what 
the conſtituent acid is; and 2d, what baſe the 
acid 18 united” with. — Vitriolic n is diſco- 


3 | he 
( 7 Diſtilled r is e as it 2 N ve- 

getable alkali, a deliqueſcent ſalt, and with the Ho fo- 

. ſalt. — 3 | 
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vered by falited terra ponderoſa (v11. r, I) or 
by acetated lead (vii. ). When the nitrous 
acid is preſent, it is expelled by the affuſion of 
concentrated. vitriolic acid, and may be diſtinguiſh- 
ed by its peculiar ſmell, and its red ſmoke. In 
like manner, marine acid yialds to the vitriolic 
but has a different Kind of ſmell, and a grey 
' ſmoke. When theſe acids are only in very ſmall 
quantity, the ſmoke will ſcarcely be viſible in a 
dry place; but in this caſe the very lighteſt veſ- 
tige of nitrous acid is-made apparent, .by expoſing 
to the fume a paper moiſtened with volatile alkali. 
To. diſcover the moſt minute quantity of marine 
acid vapour, nothing more is neceſſary than a pa- 
per moiſtened with water: the vapour inſtantly 
ſurrounds this paper, in the fame manner as the 
nitrous vapour attaches 1 2 to the paper e 
nated with volatile alkali. 
Beſides, nitrous acid is ee 3s 1 deto- 
| nation; and the marine, by various means, ſuch 
as nitrated ſilver (v11. o), nitrated mercury (viI. 
FR and acetated lead (v11. 3). 

It is ſomewhat more difficult to diſcover the 
bales; ; the vegetable alkali cannot be ſeparated in 
the humid way, unleſs by terra Pponderola ; but 
this ſeparation may be effected in various ways, 
by means of a double elective attraction (A). The 
mineral alkali is egen by the vegetable, but in 
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this caſe does not manifeſt itſelf by turbidneſs Os 
yet it may be diſcovered by cryſtallization. Both 


the fixed alkalis expel the volatiles, with, Pera 
pungent odour. 


Vitriolated mineral alkali ſhould be carefully 
diſtinguiſhed from the combination of vitriolic 
acid with magneſia. Theſe two ſalts agree in | 
forming bitter, priſmatic cryſtals, which ſuffer 
ſpontaneous calcination in a dry air; but the cry- 
ſtals of the former are generally . much de- 
preſſed, with a cooler and milder taſte; but they 
may very eaſily, and inſtantly, be diſtinguiſbed 


of each to lime · water; for the lime · water is not 
rendered in the leaſt turbid by the vitriolated mi- 
neral alkali, but the vitriolated magneſia is in · 
ſtantly decompoſed ; for in this laſt caſe the acid 
unites-with the ae and forms a gypſum, which 
together with tho deſerted magneſia, is found at 
the bottom. If theſe, mixed together, be preſent 
in water, they cannot be completely ſeparated by 
cryſtallization. I determine the quantity of each 
in the following manner: I gradually precipitate 
the magneſia by a ſolution of mineral alkali; I 
- unite this again with vitriolic acid, and obtain, by 
cryſtallization, vitriolated magneſia; the weight 
of which; ſubducted from the whole maſs of ſa- 
line matter, n eee wn weighed, > 
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Melde the weight of *s vitriolated mineral alkali- . 
The ſame may be collected from the weight of the 


precipitated magneſia alone, if we know the pro- 


portions of the principles which Lonſtitute the 


two ſalts. Authors ſpeak of many varieties of 


vitriolated mineral alkali, and vitriolated magne- 


ſia, varieties which, however, depend entirely” ? 


upon the difference of purity : thus the ſal Angli- 


cus, Epſom ſalt, Leydſchutz falt, Seidlitz, and 


others, when well depurated, all yield the very 


fame vitriolated magneſia. ee eee 
The vegetable and mineral alkali, when united 


with marine acid, form falts which agree in their 
cubic figure, decrepitation in the fire, and to a 


certain degree in their taſte; yet the former is 


ſomewhat more acrid, and is deſides'perfeRly diſ- 


tinguiſhable by another property, for if intò à ſa- 
turated-ſolution of this ſalt be dropped the acid of 
tartar, a pure and genuine tartar falls to the bot- 


tom; this does not take place in a ſolution: of 


common ſalt, becauſe the mineral alkali has far 


leſs affinity with 8 of tartar _ the a he 


Malt has. 4 . 108 8 

4. If the baſe of the galt be ß which i ie 
known by its precipitating on the addition of ae- 
rated alkali, the ſpecies of the earth may be thus 
determined: terra ponderoſa produces, with the 


vitriolic acid, a ſpathum ponderoſum (x. p, 6.) 


calcareous earth, with the ſame acid, produges a 


gypſum (x. D, 2.07 3 magneſia, the ſalt commonly 
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e | called fa cthinicus n v, e 
| uces alum. : S 8 
f _ ._ » 76, If -any — * preſent, it idly. generally 
8 be known by the colour, or by an ochre— If the 23 
baſe be cupreous it is precipitated in -a metallic | Dn bs | 
form upon iron, if the moiſtened ſalt be rubbed -— *' oh 
upon the mgtal,. or a poliſhed piece of iron laid | 
in the lunar? it is diſcoverable alſo by a blue V 
colour, an æruginous taſte, by the volatile (vit. Re 
1), or by the phlogiſticated alkali (VII. ). 
Iron is detected by its colour, which is green- 3 
iſh, or yellowiſh, according to the degree of de- 
phlogiſtication, by its inky taſte, by an ochre, 
5 tincture of galls (v11. p), and by phlogiſtica- 8 
ted alkali, which precipitates a Pruſſian blue (II. LE 6 
k) — In the Treatiſe on Alum, I ſhall explain at | 
urge the method by which martial vitriol may be 1 
a ſeparated from vitfiolated magneſia and alum... 2 
inc forms, with vitriolic acid, a white vitriol, of 1 
which the eryſtals have a priſmatic figure. This „ | 
metal is precipitated. white by alkalis ; as alſo by .. 3 
the 8 alkali ; but is not at all afſectei hb 


—— 0 n 


I * 


JnManganeſe ſo yields: a is vitriol 1 and white 
precipitates 3. but it differs from zinc in growing 
black by calcination, and being afterwards- inſo- 

luble in acids, unleſs they are either themſelves 
phlogiſticated, or rendered ſo by the addition of | 13 

ſome ſuitable ſubſtance, ſuch v. g. as ſugar. /: oe = 

- — Arſenic, | in its POL form, is not foluble in in | 
$4963 | S's water 2 
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water; and of the Inne ent of ute; cold wa» 
ter takes up no more than a few grains in a kanne; 
— beſides, this calx is very rarely found naturally 
ſoluble in water; nevertheleſs, as it may ſome- 
times happen, eſpecially in countries abounding 
with metals, that water ſhall be vitiated by arſe- 
nic, I ſhall Here ſhew ee e it * 
diſcovered. 

If the dry refiduum dee en lev ovale, 
or, which is better, expoſed upon a piece of char- 
coal to flame, by means of a blow-pipe, a ſmell 

- Iike that of garlic will be diſtinQly perceived; 
this is the moſt certain indication of the (preſence. 
of arſenic. Many other methods have been 
thought of, but they are in general fuch as can- 
not be employed. unleſs the water contains arſe- 
nic alone, which is ſeldom or never the caſe. If 
a clear ſolution of hepar ſulphuris be dropped into 

Water containing arſenic, and no ſubſtance be pre- 
ſent to prevent it, a yellow precipitate immediate- 
Iy falls, which is found to be a ſpecies of orpiment 
or ſulphurated arſenic. | 

6. The various falts, although very different 
from each other, when once mixed together, are 
not eaſily ſeparated ; hence often ariſes conſider- 

able difficulty in the analyſis of waters; for cer- 
tain of the neutral and middle falts, enter into more 
compound combinations, 'and obſtinately reſiſt ſe- 
paration, even though cryſtallization be many 
times repeated; 3 at leaſt * adulterate one ano- 
* pa ther, 
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ther, and are not obtained pure without the” ut- 
moſt difficulty. 

This difficulty has already been in ſome 92: 
removed by ſeparating the deliqueſcent ſalts (x. 4), 


which otherwiſe would enter the water neceſſary 


for cryſtallization, and prevent that proceſs from 


1 going on regulariy.— The following are the biin. | 


cipal inconveniences which ſtill remain: 
The uncombined mineral alkali can ſcarce be 
perfectly ſeparated from common fſalt ; the weight 


of both theſe taken together being known, let the 


alkali by degrees be exactly ſaturated with vitrio- 
lic acid ; this being done, let an equal quantity of 
the ſame acid be ſaturated with mineral alkali; 


which being cryſtallized, the weight of alkaline 


- falt mixed with the common ſalt, and conſequently 
the weight of the ſea · ſalt itſelf, will appear (#). - 


(4) As the aperator can never be ſure of attaining the 
preciſe point of ſaturation, even though he ſhould uſe the 
precautions of diluting the acid or alkali, and mixing a 
tin&ure with the liquor; that he may be able to perceive 
the progreſs of its changes, the proceſs of -M, Gioanetti 


to obtain the ſeparations of the ſame ſalts ſeems more ad- 


vantageous; it conſiſts in reducing all the foſſil alkali into 


foliated earth, by the addition of a ſufficient quantity of - 


diſtilled vinegar z and, after cryftallizing the whole maſs 
again, to diſſolve the terra foliata in ſpirit of wine: the ſole 


attention neceſſary is, not to burn the terra foliata, and 


conſequently to evaporate by a very gentle heat. The 
learned phyſician of Turin found that ſpirit of wine would 
pot take up ran, even when mixed with terra foliata, 
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We have already ſhewn (B. 3.) how mineral 
alkali and magneſia, when united with the fame 
vitriolic acid, as alſo vegetable and mineral alkali, 
when falited, may be ſeparated the weight of 
the whole and of one ingredient being known, 
that of the other is eaſily determined, | 
_ -- Alum and vitriolated magneſia are ſeparated by 
_ chalk, but not by quick lime, which decompoſes 
both; whereas chalk, or rather aerated lime, de- 
compoſes alum, but induces no o change upon vi- 
triolated magneſia. ; 
Finally, if diſtin& concretions cannot evi 
hs obtained, the metallic falts are to be precipita- 
ted by phlogiſticated alkali, the earthy ones by 
fixed alkali, and the precipitates managed as di- 
rected (x. o): the quantities of the precipitating 
alkalis, and of the ſalts produced by their means, 
cannot fail to give the requiſite information (v). 
(c) The ſolution made by boiling water (x. c) 
contains ſcarcely any thing more than gypſum, 
which may be either ſeparated by cryſtallization, 
or decompoſed by an alkali. 
(sp) In order that the different ſalts may be the 
more eaſily diſtinguiſhed, and their mutual rela- 


By diſtilling the ſpirit of wine, and calcining the reſiduum, 
the foſſil alkali which exiſted in the firſt ſaline maſs will be 
. retrieved in ſubſtance without mixture. The quantities 
+ then may be verified in this caſe, both by ſubtraction and 
addition, and by procuring the matter itſelf. Morveau. 
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uons the better dndeificcd,; I add the following 
ſketch of the moſt remarkable among them, ha- 
ving treated elſe where os the acrated alka is. = 


8 


22 vegetable Alkali ; Nor 3 +, 
Tartar. | Es 2, 1 5 


a C0; 100 parts contain about 52 of pure vege- 
| table alkali, 40 of vitriolic acid, and 8 of water. 
In an heat ot 15* one part of this ſalt requires, 
for ſolution, 16 of water, but of boiling water no 
more than 5. The taſte is weak and ſomewhat 
bitter; it does not deliqueſee in a moiſt, nor ſuf- 
fer ſpontaneous calcination in a dry air; it decre- 
pitates in the fire, and is fuſed with difficulty. © / 
© _ The original form of the cryſtals is that of an 


* (1) hall ſubjoin Mr Kirwan's eſtimation of the reſpec- 
tive quantity of ingredients in theſe ſaline compounds. 
The reader will probably be ſurpriſed at the difference be- | 
tween his numbers and thoſe of the author ; but ſuch pro- 5 
blems are among the moſt difficult in chymiſtry. There | 
is, however, a circumſtance which muſt not be concealed, __ 
and which will contribute to reconcile much of the differ- 
ence ; —Mr Kirwan conſiders the acids as pure, and total» - 
ly free from water ; whereas Profeſſor Bergman conſiders 
them in a ſtate of conſiderable concentration indeed, but 
as containing a very large proportion of water, 

100 grains of this ſalt, perfectly dry, contain, accord- - 
ing to Mr Kirwan, 30, 21 of real acid, 64, 61 of alkali, 
and 55 18 of water: when cryſtallized, they contain 6, oy 
of water. B, 
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| hexagonal priſm, terminated at both ends by an 

IRON auido! Gyn wake, 
e apo 3k N 


Vitriolated mineral Alan; vulgo Glauber's 
Salt. | 


90 100 parts contain 15 of pure mineral al- 
kali, 27 of vitriolic acid, and 58 of water. Ina 
moderate heat, one part requires 25, of water, 
of boiling water only 4.—lt does not deliqueſce in 
a moiſt air; it ſuffers ſpontaneous calcination in 
heat; it liquefics in the fire, again grows dry; 
and then fuſes. The taſte, bitter and cold. 

The form irregular hexagonal priſms ; two op- 
poſite ſides broader, the apices oblique, formed 
of tr:o planes, conſiſting of the two oppoſite nar- 
row ſides of the priſm, inclined to each other in 
a manner FEM the roof of an houſe. 


* Nitreted vegetable Alkali ; vulgo common Nitre. 
0 100 parts contain 49 of pure vegetable * 


() too grains, perfectly dry, contain 29.4 t of mere 
Ray De 48, 6 of mere alkali, and'22, 28 of water. 
In cryſtals they contain 13, 19 of vitriolic acid, 21, 87 | 
of alkali, and 64, 94 of water. B. 

(z) 100 grains, perfectly dry, contain 30, 86 of acid, 
66 of alkali, and 3, 14 of water. In cryſtals they contain 

o = 
"0 8 kali, 
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kali, 33 of nittous acid, and 18 of water; one 


part requires 7 of water, but of boiling water 

ſcarce more than 1. The taſte, acrid, bitteriſh, 

cold ;—it. neither deliqueſces nor cffloreſces;—it 
detonates with ignited phlogiſton. - | 


. The form priſmatic, hexagonal, often ſtriated. FR, 
The apices hexagonal, e generally ob · a 


* truncated. | 


Salited vegetable Ahab: vulgo Sal dig eftivus 
il. 


55 100 parts contain 61 of pure 1 al- 


kali, 31 of marine acid, and 8 of water; 1 part 


requires, for ſolution, 3 parts of water in a mo- 
derate temperature ; of boiling water 2. The 


taſte, ſalt and acrid; it neither fuffers deliqueſ- | 


cence, nor ſpontaneous calcination ; it decrepi- 
tates in the fire, and fuſes. 

The form cubic, ſometimes priſmatic, qua» 
drangular, perperidiculurly truncated. 


— * 


Salited mineral Alkali; e Sea Salt, or r Maria 


(Y) 100 parts contain 42 of pure mineral al- 
1 : kali, 


(e) 100 grains, perfectly dry, contain 29, 68 of acid, 


s 


63, 47 of alkali, and 6, 14 of water; but when' em 


whey” contain 7, 83 5 of water. B. 
"(p) Too graind, perfectly dry, contain nearly 35 of real 


r 13 'of water. 100 Ftaius of the | 


«A .A. 88 591 1 vo 


. -— cryſtals 


. * 
„ 
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Kali, 52 of marine acid, and 6 of water. One 
part in a moderate heat requires 244 of water, 
of boiling water 253. The taſte, ſalt.— It ſuffers 
neither deliqueſcence nor ſpontancous wn 

it decrepitates in the fire, eee * 
The Torts cubic. 1s 


* 
#4 


1 TED | Pitriolated 3 8 0 Gen. 0 


3 - 


TOON (70 100 parts contain 32 of pure lime, 46 of 
„ vitriolic acid, and 22 of water. One part re- 

auires of water at a moderate heat 500, of boil - 

| ing water 450. The taſte, carthy, ſcarcely ſenſi- 

dle. It ſplits in the fire; aud in a very tenſe . 

; heat it fuſes. | Rs 

The form. ſpathaceous or octaedral; the two 

| N apices deeply truncated, fo as to reſemble 

Aa table with a cunciform Margin. 


— 


FV. e A a ; vulgo Sal cathorticu 
£ amarus—Epſom Salt. 


„ 0 100 parts contain 19 of pure magnefia, 33 


: | (cryſtals contain eee 
00 The proportion of ingredients in natural gypſum 
varies, but of artificial 100 grains are eſtimated, by Mr 
Kirwan, to contain 32 of earth, 29,44 of acid, and $6 
of water; when well dried it loſes about 24 of | waters anc K 
men 72 


Ni 21 18 ; 
(AF Abe dries perfectly dry, contain 45 63 + i mere 
vitriolic . 


- 
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of vitriolic acid, and 48 of water. One part re- 
quires 1 of water at a moderate heat, of boiling 
water ſcarce 3. The taſte exceſſively bitter, and 
ſomewhat cold; it ſuffers ſpontancous calcinarion 
in heat; in the fire it foams, grows dry, and fuſes. 
be form priſmatic, 1 75 * pyrams 
dal i _ Fr 08 59bbot' 5d 


' Vitriolated Clay ; vulgo Alum. 


"O 100 parts contain 18 of clay, 38 of vitriolic | 


acid, and 44 of water; 1'part requires 30 of wa- 
ter in a moderate heat, of boiling water 2. The 


taſte fweetiſh, aſtringent; it ſuffers Mauer dell- 


queſcence nor N in | the fire * Tout, 
dries, and grows hard. R 


4 r 1 ad 
The form oRtaedral. * N 

9 * i 101 7 382817 4 7 "if 72 3 : 

2 a 


RE Lime. 
© 100 ö. well aried, contain e pure. 


4 
9 F. 1 $3.5 * '> 


vitriolic acid; * 54 hs IRE wa: 175 Tor 8 
bead 110 . 15 of tend, and 
$7, 25 of water. B. 

(5) 100 grains, perfectly dey, contain 425 7 of acid, 35, 

14 of earth, and 25, 02 of water; in cryſtals they contain 
23, 94 of acid, 18 of earth, and 58, 06 of water. B. 

e) 100 grains, carefully dried, contain 33, 28 of acid, | 

32 of earth, and 34, 72 of water. 3 | 
8 | M ; | 


„ 


[3 q 


4 he £45 * : 
3 WT 4, ALE 


lime; the water is not eaſily aſcertained, as a part 
of the acid is alſo expelled by calcination z it is 
* probable that it ' amounts to 25 at leaſt, and if fo, 
the acid will be 43: it deliqueſces. The taſte ex- 
| | tremely bitter and acrid; alcohol diſſolves it, and 
1 dy ebullition takes up its own weight: it cannot 
of be reduced to the form of permanent cryſtals. 


Nitrated | Magneſia. mT 


(v) 100. parts, well exſiccated, contain 27 of 
pure magneſia ; ; ſetting down the water at 30, 
which in this caſe it rather ſeems to exceed, the 
N acid will amount to 43: it deliqueſces, yet may 
be obtained in the form of oblique, truncated, te- 
tragonal, priſinatic cryſtals ; but they ſoon gn 
deliquiate : the taſte, extremely bitter, acrid: 
part in a moderate heat requires, we ſolution, : 
parts of alcohol. : 


1 * 


Salited Ts: vulgo Fixed Sal Ammoniac. 


(u) 100 parts, well exſiccated, contain 44 of 
pure lime ; ſuppoſing the water to be 25, the ma- 
rine acid will be 31: it deliqueſces, and cannot 
be reduced to permanent cryſtals. The taſte ex- | 


. 100 grains, well dried, contain 35, 64 of acid, 27 
| of pure earth, and 37, 36 of water. B. 
— (a) 100 grains, well dried, contain 42, 56. of acid, 38 
g aer. B. N 
tremely 


"Mm 

© Up boiling — vine ane 

een .. ating | 
Salited Magneſia. . 7 1 | : : a I : f 


(w) 100 parts, well exſiccated, contain BO of 


pure magneſia; ſuppoſing the water to be 25, the N 1 
| marine acid will be 343 in deliqueſcing it attracts | is * : # 
0, 66 of water: 1 part in a moderate heat requires : 

5 parts of alcohol: The taſte extremely bitter. 5 


- 


(x) Vitriolated Copper, vulgo blue Fitriol. 


100 parts, cryſtallized, contain 26 of copper, [pM 
46 of vitriolic acid, and 28 of water. The taſte | 
aceſcent, æruginous, cauſtic ; it calcines in heat: 

1 part, in a moderate heat, requires nearly 4 of 


water, but of boiling water much leſs. 
The figure compreſſed, hexagonal, priſmatic, 


obliquely and parallelly truncated on both fades 12 


7 itriolated tron ; vulgo green PitrioL 
O. 100 parts contain 23 of iron, $9 of inci 


() Of. this Galt Me Kirwan affirms, that it onde | 
wolerably dried, without lofing much of its acid, together 8 
with the water. B. 
(*) 100 grains contain 27 of copper, 30 of acid, and | 
43 of water; of which it Joſes about 28 by evaporation, 2] 
or ſlight calcination. B. | 
iron, 20 of real acid, fn Pr % 7 4 
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he acid, and 39 of water; in W heat, 1 
part requires 6 of water, of boiling water 31 in 
heat it ſplits into a yellow powder, in the fire, in- 
to a ferruginous powder. The taſte aceſcent, 
ſtyptic, cauſtic, 

The form, ſpathaceous : when dephlogiſticated 
it depoſits a portion of calcined iron; the ferrygi- 
nous deliqueſcent Fun 1s readily taken up by 
ſpirit of wine. 


E 


© 4 


Pitriolated Zinc; vulgo white Vitriol. 

(2) 100 parts contain 20 of zinc, 40 of vitrio- 
© acid, and 40 of water; in a moderate heat, 

1 part requires more than 2 of water, but much 
leis of boiling water. The taſte aceſcent, aſtrin- 
gent, cauſtic. 

. The form, tetragonal priſmatic, terminated by 
tetragonal pyramidal apices. 

The advantage of knowing the proportion of 
the conſtituent principles is ſignal and extenſive ; 


-—thus,” for example, ſuppoſe the weight of the 
magneſia precipitated (s, 3) to be equal m, then 


e m = quantity of vitriolic acid 


for ſaturating it; and 23 m = * ages magneſia 


ariſing from thence — 17: 45 m, indicates the 


| weigh t of that vitriolated AELE alkali, which is 


— 


-» (z) 100 grains „ zinc, 22 of acid, = 58 


K .. 1 
* 


* 
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I ned by precipitating the vitriolated magneſia 


by means of mineral alkak — f;: 1: os the 


pure mineral alkali neceſſary for that precipita - : 
tion; and 33: 4: 42 m = the aerated alkali ne- 


y 8 ſame purpoſe. In the preſent caſe 
m is given, and hence all the formulæ are eaſily 
determined. In like manner, on other occaſions, 
the cauſes are found ſo connected, that one phæ- 
nomenon being given, many others ae im 
* ee | Ek 2d | 


— 


5 xt. Aubin is to be eee 9 o Stef | 
When, by the en ee propoſed and | 


deſcribed, the ſeveral heterogeneous matters ar 


determined, as to quantity and quality, and — | 
- duced by accurate analyſis to perfect certainty, 


nothing remains but to unite with pure water all 


the ſeparated maters in due proportion: if then 


the water, thus treated, exactly and perfectly re- 
ſembles the water which has been examined, it 


muſt afford an irrefragable argument that the ana- 


0 has been properly conducted. 

It is indeed but rarely neceſſary to examine 1 
waters with the extreme accuracy above deſcribed; 
but as the queſtion was concerning the art of ex- 
amining waters in general, no circumſtance which 
has any relation to the ſubje & could properly be 
omitted, as all ſuch may, in certain caſes, be uſe- 
920 nay altogether neceſſary, 

§ XIII. 


; 


1 
( 
| 
> 


— 


long hard waters as they are called, and ſtagnant 


9 0 \ 


286 or THE ANALTSIS OF WATERS. 


1 


ee 2:1 d, made f bath 
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© Waters with. wires to heir 3 may hl . 
wa into four claſſes: iſt, Thoſe which may with- 
out difficulty de apphed to daily uſe, fuch are, 

good fountain, river, and lake waters. ad, Thoſe 
which may indeed be uſed, but yet are attended 


with certain inconveniencies, unleſs previouſly pu- 


rifted by ſome means or other: to this claſs be- 


waters, which have not fufficient motion. 3d, 
Thoſe which, on account of their contents, can- 


not de daily employed for the purpoſes of life, but 


are ufed at certain times, and under certain regu- 
lations, againſt infirmities and diſeaſes; ſuch are 


75 the medicated waters. Finally, 4th, Thoſe which, 


on account of the nature and quantity of their he- 
matters, are ſeldom or never uſed in- 
en but nevertheleſs may i in e, 9 pi ors be 


extremely uſeful. 


(a) It is inthe to been wok er up · 
on the firſt claſs, as daily experience evinces it to 
be harmleſs, and therefore not to require any cor- 
rection. In proportion as water is rendered leſs 


turbid by acid of ſugar, fixed alkali, or ſolution 


of ſilver, it is the more pure, and with the grenter - * 
. referred to the firſt claſs. 
by > th The ſecond claſs is . very -rarkis, 


by 


* 8 6. +,% = s * 
"pf, —— 


OF THE ANALYSIS OF WATERS. "dy 


by ſolutivn' of ſugar, or of 'fixed-alkaline-falt, and 


is conſidered as the more impure in propottion to 
the quantity of 'precipitate;+—Flieſe' waters ate au 
ſtere, with a ſtyptie diſagreeable earthy taſte; they 
are apt to occifion-obſtrutions ; and a W 


8 ned ule of them appears to be unſaſf e. 


© Theſe are much leſs fit for obtaining extract 
40 ſolid-ſubſtanees than the former daſs, and 


ure therefore much leſs effieacious in brewing, in | 


diſtilling, in preparing detoction of coffee, or in- 
fuſion of tea, and many others; for the waſhing 


of linen, theſe waters are more or leſs unfit, parts 


ly becauſe they do not eaſily diſſolvę the impurities, 
partly becauſe they decompoſe: the ſoap, and ren» 
der it unfit for the purpoſe. Hard waters, for the 
reaſons above mentioned, are totally uſcleſs inthe 


bleaching of linen; they are alſo unfit for boiling 
peaſe, beans, and other pulſe, as they neither ma- 


cerate'nor make them foft—the ——— 
of old and hard fleſh. 


For the purpoſes of preparing banks 42 flax 


by putrefaction, theſe waters are the leſs uſeful, 


as it is certain that they poſſeſs an antiſeptic power; 
hence fubſtances immerſed in them preſerve theit 
ſtrength and texture longer than they would do in 
better. water. This circumſtance affords' a hint 
for trying whether theſe waters may not be uſe- 


fully employed in long voyages, as they can, up- 


7 occaſion, be eaſily made fit for uſe. Tin, in 


88 — black with waters of this ſort; 
they 
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they bare been thouglit, 3 do be 


unñit for the watering of plants; but, as far as can 
be conjectured they ſhould be, in this intention, 
not only harmleſs, but Gngularly uſefu. 


Waters endued with theſe properties are called 


| hanks and in ſuch waters their effects are chiefly 


produced by an abſorbent earth, united with an 


| acid: if the aerial acid be the menſtruum, boik 


ing alone is ſufficient to correct the water. As this 
ſubtile acid is expelled by heat, the earth which 


had been ſuſpended by it is no longer ſoluble in 


the water, and therefore precipitates, and all the 
minute particles attach themſelves to the inequali- 
ties of the ſubſtances they mect with, and adhere 
firmly; hence it is that tea-kettles are generally 
in a ſhort time covered with a cruſt of abſorbent 
earth; and hence too it happens that the ſurface 
of puiſe is obſtructed, ſo that the water cannot pe- 


netrate them. The hardneſs. of waters which de- 


pends upon this circumſtance is of little conſe- 
quence, as it may be corrected ſimply, by. boil- 


ing and cooling: but, in order to make it agree- 


able to the palate after the depoſition of the calca- 
reous matter, it muſt be expoſed to the open air, 
in broad ſhallow veſſels, by which it recovers 
from the atmoſphere a portion: of the acrial 


acid. | 
But if the abſorbent earth be fulneaded by 


means of any other acid, it is not ſo cafily ſeparated ; 


and it is then particularly that it occaſions many 


+" Ee "v1.2: 4-42 FR Ao TOA UDv_LI 44S” 5D = 2. 5 = N | 
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e the above-mentioned inoonveniences. The de- 
compoſition of the ſoap takes place, becauſe the 
alkali unites more willingly to the mineral acid of 


the middle carthy ſalt, than to the oil, which there- 


fore is expelled, and being inſoluble by itſelf, is 
collected at the ſurface of the water in the form 25 
drops or of a floating membrane. 

The other effects are occafioned Aber 
middle falt itſelf, or take place from hence, tha 
during the boiling a part of the menſtruum flies 


N off, upon which the deſerted baſe cloſely attaches 
itſelf to ſuch bodies as it meets with. This diſ- 


fipation readily happens to the nitrous acid, whe- 
ther united with lime or magneſia, as alſo to _ 
marine acid, when united with magneſia. 


. This ſpecies of hardneſs cannot be en . 1 


boiling alone, but may be removed by a fixed al- 


kali, which precipitates the earthy baſe. Foc this 


purpoſe, let a ſolution of pot or any other 


alkaline ſalt, be poured into the water, fo long as 


it occaſions any turbidneſs : after the precipitate 


has fallen to the bottom, it muſt be tried whether 
any turbidneſs is occaſioned by the addition of 
more alkali; when no more is found to fall, we 
may eaſily determine what quantity of alkaline 


ſalt any given water requires, by weighing the 
_ and its ſolution, - previous to the experi- 


Finally, let che water, thus purified, be 


Dara off from the n or, if WTR 
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_ Stagnant waters are liable to corruption in warm 


weather, and afford lodgement to millions of in- 


ſects. Lhis inconvenience is obviated in the ſouth» 
ern parts of Europe, by a ſort of ſandy ſtone, call- 
ed filters. The water to be uſed for the prepara - 
tion of food, or for drink, is made to paſs through 
theſe filters; and is thus freed from all ſuch hete- 
rogeneous matters as are not united with it in the 
way of ſolution. 

(c) The cold medicated: waters, which poſſeſs 
peculiar power and efficacy, contain a much larger 
quantity of aerial acid than the common waters; 
and, in general, their excellence is chiefly derived 


from the quantity of their ſubtile acid: however, 


as they are ſeldom or never without a mixture of 
other ſaline ſubſtances, it is by theſe that their pe- 
culiar effects are ſpecifically determined: for, tho 
the Scltzer and Pyrmont waters contain a large 


proportion of the aerial acid, no one eſtimates their 


efficacy by the quantity of aerial acid, it being ra- 
ther dependent upon grofler ſalts; though theſe 
latter are certainly vivified by this true mineral ſpi- 
rit, and from it receive a more active and pene- 
trating power. The method of determining the 
quantity of this volatile acid contained in waters 
has been explained (viii. A. 3). | 

Cold medicated waters in general may be divi- 
ded into ſuch as are impregnated with iron, and 
ſuch as are deſtitute of that metal; and hence a- 


tiſes a conſiderable difference with reſpect to their 
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_ uſe. Beſides, there are many chalybeate waters 
which contain iron, either totally or partially dif- 

 falved in vitriolic acid: ſuch waters, when only 
| moderately impregnated, may in ſome caſes be 


ſucceſsfully uſed,” but are for the moſt part impro- 


per, and ſometimes highly pernicious; therefore, 


as the number of chalybeate ſptings is very great, 


it is of much conſequence to be able to diſtinguiſn 
che good from the bad, the wholeſome from the 


noxious : it would be extremely advantageous to 
eſtabliſh certain characteriſtic marks, by means of 
which, without any artificial apparatus, without 


any operoſc experiment, and without a knowledge | 


of chymiltry, we may in any caſe readily diſcover 


whether a chalybeate water may be ſafely uſed or 


not—The following obſervations will be found 


particularly uſeful for that purpoſe :z— 


Let about half a kanne of the water to de exa-· 


mined boil vehemently for about a quarter of an 
hour, in a ſtone veſſel; let it then be removed 


from the fire, and cooled; this being done, let a- 
bout + of the water be poured out into a glaſs veſ- 


fel; and add 2, 4. or at molt 6 drops of tincture 
of galls (vii. b) If, now, no purple or violet 
tinge is produced if no blackneſs appears, even 
after ſtanding for ſome hours, this is a favourable 
ſign, affording ſufficient proof that the ſpring is of 
2 good quality, and truly acidulous; but if the 
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chre upon boiling, vithout lofing'i its power on = 
8 

There occurs alſo a third caſe, namely, vinkd 5 
the i iron is partly diſſolved by aerial acid, partly by 
vitriolic acid: Suppoſing, then, the quantity of 
the latter to be ſo ſmall, that when the former is 
ſeparated by boiling, the water has no ſenſible ef- 
| fe@upon tincture of galls; there will in this caſe, 
-It is true, be preſent a vitriol of iron, but in far 
lefs proportion than that of three grains to a kanne 
(v11.D), ſo that it is free from any noxious qua- 
lity ; and even this minute portion may, if neceſ- 
fary, be eaſily made viſible; for let the water be 
boiled until only a twentieth part remains, add then 


a a few drops of tincture of galls, and it will in- 


ſtantly be tinged. | 

It is thus that the hot waters, which are re- 
markable for efficacy, abound either in atmoſphe- 
ric acid, as the Caroline waters in Bohemia, or 
with hepatic vapour, as thofe of Aix. Waters 
containing the groſſer ſalts, without any claſtic va- 
pour, without a vivifying principle, are as it were 
dead; and, if not entirely i 8 8 are at beg e 


and of ſmall virtue. 
In general, the various eden waters, both 


hot and cold, contain fixed principles in a propor- 


tion fo ſmall, that they may be rendered fit for do · 
meſtic uſes, only by boiling and cooling, if ſcar- 
city of other water — render that proceſs ne- 
ceſſary. | 
If 
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* 1 a water be rendered onfir fo ofs! by the = TW 
mixture of a ſmall quantity of metallic ſalt, this 
may be removed by a fixed alkali in the manner 
deſcribed (B); but if it be in large quantity, this 
inconvenienee is occaſioned by the correcting it, 
namely, that another, though a more innoxious 
falt, ſucceeds to the firſt,” Thus, when à vitriol 
| is precipitated, there ariſes a vitriolated vegetable 
mal which, though of a weaker taſte, yet oc - 
eaſions a degree of bitterneſs,” greater or leſs, ac- 
cording to its quantity: : however, this falt does 
not produce any noxious effects in the human bo- 
dy, but is reputed a gentle purgative; nor does it 

prevent the water from being converted to a great 


number of uſes: hence it appears, that a water 


contaminated, even by a vitriol, may, in- caſes of 
urgent neceſſity, afford an uſeful u ſupply, byn means 
of the remedy juſt deſcribed. 

' (b) Waters which contain a large We of 


any neutral ſalt, ſuch as vitriolated mineral alka- 
n, common ſalt, &c. or any noxious metallic ſalt, | 
ſuch as green, blue, or white vitriol, are unfit 
both for internal and domeſtic uſes, though the 
ſubſtances with which ſuch waters are loaded may 


be advantageouſly CONE, and 8 to other 

uſes. 

Sea - water has not only the Weg taſte of com- 
mon falt, and the bitter one of ſalited magneſia, 


but occafions a very fingular nauſea, which is fre- 


| _— attended with vomiting. This nauſeous 
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Irs) is not to be found at all, or ot, very 
25 little, in ſea · water taken up at the depth of ſixty | 
= fathom, as experiments made upon water taken 
Es up at that depth evidently ſhew; the reaſon per · 
£ 5 haps is, that the immenſe quantity of fiſh, worms, 
1 and other animals, which inhabit in the ocean, 
þ | BY | | | dying, are gradually carried up to the ſurface, and 
=_ there, by the aſſiſtance of the air, are deſtroyed 
BE by putrefaction, (at leaſt this is the caſe with ſuch 
1 parts of them as are ſoluble in water); and this 
f 75 5 putrefactive proceſs is much aſſiſted by the ſalt 
5 which, at the ſurface, is preſent in preciſely the 
quantity neceſſary to promote that operation... I 
To render ſea - water fit for the uſes of mari- 
_— 'ners is an art long wiſhed. for, and of the higheſt 
Y | moment. That which is taken up at the depth 
= of ſixty. fathoms, or more, on account of its ex- 
treme ſaltneſs, is indeed unfit for allaying thirſt; but 
when mixed with an equal quantity of freſh water, 
may, beyond doubt, be very uſefully applied to 
the preparation of food, as it thereby laves one 
A half of the ſtock of freſh water. 
That water which is found at the ſurface can 
f als be rendered fit for drink by diſtillation, as 
recent experiments have ſhewn. Many different 
1 5 ſorts of apparatus have been contrived for this pur- 
= VP 5 poſe; and even the vapour ariſing from the veſſels 
TR} | in which food is prepared has been employed; The 
| mamoſt ſuitable apparatus for this purpoſe is ſuch as 


will at once yield the et poſſiple quantity of 
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| | Water, and require the ſmalleſt quantity of fuel: 
baut this is not to the preſent purpoſe ; ſuffice it to 
iy, that ſca-water diſtilled, and then expoſed: to 
the air, becomes agreeable and wholeſome ;—that 
which firſt comes over ſhould be thrown away, if 
it contains any thing putrid. Some part of the 
marine acid will be diſengaged by violent and long 
continued boiling ;—but this inconvenience may 
be eaſily avoided. by adding at the beginning a 
little pot · aſnes, which decompoſes the ſalited mag- 
neſia. | ; 


X 


* 0 


r TT TR yas YW 


* " * 
* " 


— 
- 


— 
F 
( 


"Pp 
ar 
: 
1 
z 
4 


n 


— n 


* "a... + 
. $5 4444 E 


4 _ 2 oo, 8 * , "> 3 43 4 

| * 1 > . y 4 
FFF n 0 1 
5 ” ? ; 
l DISSERTATION III. 
- s F , "he ' 5 2 F 7 ; F ; Fu 
1 J VET CSIC ES DATE. © 4 


* 
* 2 9 
- + © 


on ru 
: WATERS OF. UPS AL p 


Taler ae aguæ, On terra per quam Some,” | 
PLIN.. 


Good Springs are to be met with in great 
Nu. at che | 


HOLESOME water, in in ſafficient plenty, 


is one of the greateſt advantages any 

place can poſſeſs, and the moſt likely to induce 
people to ſettle in it; becauſe water is among the 
moſt indiſpenſable neceflaries, not only for men 
and animals cooped up in a ſmall ſpace, but like- 
wiſe for a ſingle family, however ſmall it may be; 
fo that ſcarcity or the bad quality of water, ex- 
poſes them to numberleſs inconveniencies, If 
any city in Sweden may boaſt of being fortunate 
in this reſpeR, it is certainly Upſal ; for, beſides 
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the river which runs through it, there are rere 
excellent ſprings, and very good wells. As it is 
important to know the ſubſtances contained in 
them, I will relate ſome experiments made with 
this view; but, to avoid too tedious a detail, I 
ſhall only ſpeak of the moſt remarkable, ſuch as 
are common to the whole city, overlooking the 
others, of which each ſerves only a ſingle family. 
II ſhall then patty. ar to 9 95 examination 
of 5 ix following. , 

1. The ſpring belonging to oa citadel riſes at 
45 bottom of the hill on which that fortreſs is 
built; this eminence conſiſts of ſand; its eleva - 
tion is of 100 Swediſh feet above the level of the 
river; it extends on each ſide to à great diſtance 
from the city; it has various heights and wind- 
ings, being ſometimes low, and as it were creep- 
ing, at others, rifing to a conſiderable — j : 
This hill ſupplies all the water, not only of the 
ſpring in the citadel, but of the other ſprings and 
wells to the ſouth of the river, except that men- 
tioned in the 6th ſection. Freſh ones 125 * 
be found, by finking at its fobt. 

This ſpring was almoſt forſaken till vithio theſe 
few years; and as it was expoſed, it bicane goe- 
dually full of impurities, which obſtructed its 
veins; ſo that, in February 1767, it was almoſt 
due leſs rain than uſual had fallen the pre- 
ceding autumn. It however again made its . 

5 e but the ſtrongeſt branches opened an- 

; N 3 other 


other iſſue nearer the river, where a ; ſtone. baſon 
was made for it, with the addition of a Tool, and 
where it furniſhes water of a > ſuperiar: to 
all the other ſpringss. | 
2. The: ſpring that riſes pear en pr: the 
Vole 'was defended by walls during the 
whole of the 17th century; but they were de» 
ſtroyed in 1702, at the time of the fire, which 
conſumed. great part of the city. As it was ne- 
glected afterwards, it was obliged to bear its was 
ters to another place, where it was again ſur- 
rounded. by ſtone-work in 1759. As it is very 
near the banks of the river, it is every ſpring and 
autumn | overflowed by the floods during ſome, 
days — ſhall call it the mill-ſpring, though it Mt 
ſometimes called St Eric's fountaan. | 
3. The Sandvik ſpring; which takes its name 
from a alittle hamlet in the neighbourhood, is ſitu- 
ated at the diſtance of about 4 ef *. 
city it riſes near the rive. 55 
In 1776 the King built a till houſe for the FM 
ſtillation of corn ſpirit, for which it furniſhes. a 
very good water in ſufficient plenty: it is ſo 1 
med up, as to form a kind of lake. 

. he well which has obtained the name of 
| Odin; and which yet is not of ſo high antiquity, is 
ſiusted near the college of Guſtavus; it is * 

and encloſed with ſtones, but there is no bed to 

canyey away the; water, 0 it 1 therefore WP 
anl. aa 
224470 1 55 The 
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8. The well, which bears the name of Luth, 


formerly profeſſor of divinity, is ſituated further 
to the north; it is encloſed with ſtone ; and they 


| who chuſe to uſe it, are obliged to raiſe it. * * 


6. The draw - well (puteus fractorius) ſo named, 
for I know not what reaſon, is the only one 
on the other ſide of the river; it is open to every 
body, nevertheleſs is ſeldom Yb, mg bas ſome 
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f (4) The water by the ſprings is as) kopid as 


eryſtal; the wells are little inferior, except the 


6th, which has a flight opal tinge, but leſs per- 
ceptible than the river water. 

() Good water ſhould: be taſteleſs: this fating 
in-the.citadel excels. in-:this--reſpe@-z2nextfollow 
thoſe of Sandvik, and the mill 3 but theſe. waters, 


though excellent, .impreſs, upon à delicate and 


practiſed palate, ſomewhat. of an ;carthy favour, 
The water of Odin's and Luth's wells is agreeable, 
but rather leſs briſk; becauſe it is almoſt ſtagnant, 
The water of the draw-well, being more impreg- 
nated with eatth, i by no wenn, agrecable to the 
taſte. 5 

+6); The. temperature. a, the ſprings is at 6 2 
ring almoſt the whole v4 ; in the dog days, it 
ſcarce inereaſes 2* Or 4 We, of the wells is 
8 | N J generally 
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© generallyat'y; The water of the'-river follows 
the changes of the atmoſphere; TC HOT * N 10 


( There is a ſmall difference in the ſp! 8 


a ER river water is the lighteſt of call; 


next, that of the ſpring in the citadel- I Their 
en is as ee a temperature of 155 (a): 


55 2 £3,142 o 901 no 
Diſtillea er.” e cet ci 9940, 0% 
Pure . 5 lost 
Water of the ri river, — 5 10, 01 

af the ſpring in the . 10,902 
of the mill ſpring 10,003 
af the Sandvik ſprings. „ 30,003 
of Odin's wee! 7 140,003 
of Luth's well, 10, co 
ol the __ ; 2ell i! NGA? 


| 
113. 164. vid; 25 


1 The water of he e aaa wells is ra- 
1 more copious in very wei ſcaſons ; but does 
not diminiſh in long droughts. . Ihe milliſpring 


affords 3,900 kannes every hour, or 35% cubie 
feet; that of the citadel leſs; but the Sandvik 


prng much more. 5 3a to wt 571.1 
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2. grey powder, which in time forms a crete 6n 
ths internal ſurface of the veſſels. * As moſt of 
them afford only a ſmall depoſttion, it is not ne- 

ceſſary to collect it; as it ſeparates: it is better to 
continue the evaporation to dryneſs. Having e- 
waporated, at the beginning of June, after a long 
continuance of dry weather, 6 kannes of each f 
rheſe waterz, I found the quantity of reliduum 
to _— kanne as eee 0.6357 e pes 
dit u Aubade. 25 D 2G iu dich, grains. 
211 The river eee 8 Nr i (8 
Tha wur und- 694; AN l lg 
b of the citadel; © e 4 38 EI ROT. 7 | 
, Yan e eee ee y.. e ne 55 
ft of Odin's well, 5 "Mr of vu s | 
bats 501 tek Lith's well!, me nns 
43? eee ene BA is 5; n 
| 2 Th 
6 8 FLUTE the ſaline — 
carthy part, the ſeveral reſidua ſhould be waſhed 
jn diſtilled water, dried, and weighed; then ſome 
marine acid ſhould be paured on the earthy mat- 
violent eſferveſoence, and diſſolves the greater 
part; what is not diſſolved by the acids cannot be 
tuſed by itſelf: upon coals excited by the blow - pipe, | 
+ When it has been well waſhed; it reſiſts fuſion 
after the addition of microcoſmic falt; ; borax pro- 
duces this effect, but very flowly; mineral alkali, 85 
$i Falk eee 
1 3 e eller · 
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 efferveſeence, and completely diſſplves it; the re- 
ſidua of the river water, and that of the draw: well, 


remains inſoluble (6): this, therefore, is ſiliceous 
earth, which although it is ſpecifically -heavier than 
water, ſeems to have been ſuſpended by means of 
its tenuity; for it is poſſible that, by being pul- 
veriaed, an heavier ſubſtance may be made to 


acquire ſo much ſurface, that the friction of the 


water, which muſt be overcome before it can ſub. 
ſide, may form an equilibrium to the exceſs: bf its 
weight. Though quartz- is of à truly ſaline na- 

ture (e), yet I can. ſcarce believe that it is diſſol- 
ved in ſo large quantity; I muſt not, however, 
omit to remark, that it cannot be ſeparated from 
our waters, either by filtration or reſt: it is found 
* the acrated calcareous earth, adhering to 

ea-kettles. 

The ſolution in the "add affords only 
calcareous earth on addition of alkali; wherefore 
our waters contain only acrated calcareous: earth, 
and a little quartz; but m different: quantities, 
as we ſhall ſoon ſee. The river water, and that 
be not CO 
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%%) In the ſecond volume of this" Collection will be 


found an Eſſay on the Blow - pipe, and the way to uſe it. 


(e) Here the author refers, to the 12th ee * 
the firſt volume; buy: there POP 11. It i 18. 1 8 905 
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day, .which-we-faid;that the alkali Was incapable 
of diſſolving by means of heat. ollen off Pon, +53 
(c) The diſtilled water which has —— 
on the reſiduum to diſſolve the ſaline part, fur - 
niſhes, by ſpontaneous, evaporation, common — 
ſalited lime, and vitrialated foſſil alkali: the cal- 
caxeous ſea-ſalt may be ſeparated hy wp i bf 
fied ſpirit of wine (d). The Jaſt, ley, when con- 
_ centrated by. evaporation, affords very often 2 
little mineral alkali, which is of à dark red; but 
the phlogiſticated alkali does not give à blue pre- 
Cipitate : the water of the draw - well affords more- 
oyer a few ſmall priſms of nitre, whieh- may he , 
known by their detonation. on charcoal g and, in- 
ſtead of Glauber's ſalt, a little ſelenite. | 
(o) In order to learn the nature of the elaſtic 
fluid contained in theſe waters, I boiled a certain 
quantity of each in a glaſs retort, of which the 
end of the neck was bent upwards, and introdu- 
ced under a little phial inverted, and full of mer- 
cury. The fluid thus obtained is partly abſorbed 
by water, and conſequently muſt he aerial acid; 
the remainder is pure dir, fit for the ſupport of 
ignition and reſpiration. I is obvious, that the 
quantity of common air remaining in the upper 
part, and the neck of the retort, before the va- 
pours begin. to riſe, ſhould be deduQed; > 
: 0 Nearly the fame ſublipges are to be 
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wound in all theſe waters but the quantities dif. 
fer, —The following e are what they contain 5 
Kanno > fs es Rr 7.08 DR! 13 4 > 
2 aue - : 
| The mer water "contains of aerated eile - 
reous earth, ne bie e 0% pb 

That of the — Q ver n 5 | 
4844 ofthe: mill · pring, C i e TY . 
SES Sor Sandvik vans, lem 48 Fol 58 f 


N _ Luth's well Tees Dore oo gil 
The river-water contains - filiceous powder, * 
5, of the citadel- ſpring, | 1 i oY 1 io ; 2 
of the mill ſpring, 1 nn 22 fv 50: 11S} 
-. 
= 


2 
ol Sandvik ipring, r ee 29S 
DD 

of Luth's t b n 
of the draw well, — N — 6.1 

The river water contains of clay, e 
I The draw. well. Wy 1 

1 _ The others, IE The | A ngy to waged 

Tho river. water contains of common falt, #2: $3 

The citadel-ſpring, eee OOTY 32 
The mill ſpring 2 


Wo 


© Sandvik ſpting 22 
Odo wel = org re 0791! ge 
" . ' l 


36 84 Luth's well, r - 4 
; The draw-well, — = 183 
The river water contains of falited lime, © 2 


Ay 


* * 


The 5 2 
b mill / ſpring, N 1 © 2 
The Sandvik eng, 


_ > 
big Odin's well, Mer 8 

Luth's well, "Wa . 177 * 17 

e eee n 


The f tirer · water contains 'of vinriolated unters, o. . 
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Ihe citadel-fpring, 
The iu. > 


Odin's well, on Arn na 
Luth's well, 11 1 — 14 
The draw-well, | 


bg 


18. water of the draw - well contains 755 fon. e py 
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The Ag on contains X Tad foſſil 


7 alkali, 2 11 A no By N80 0 f 
„ der hing, r 
2 The mill-ſpring, t OROETE — . 
| Sandvik Rein,, eG 
TTT „ k 
5. Ja... 255 wk 7 
The draw-well, RN Pong” 8 
The riyer · water contains of extractire mu- 5 of - 
cilage, e 2 


The others W „ 


The water of the draw- well contains of nitre 
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All cheſe waters contain about the ſame quantity 
of air, viz. 6 cubic inches; of which nearly 4 are 
acrial acid, the reſt pure air; which is carefully 

Fs to be diſtingaiſhed from common air (e)- | 
N - The quantities juſt laid down vary a little: 
they increaſe or dimmiſh in the different ſeaſons, 
according to the quantity of rain and ſnow, and 
from other eircumſtances. It is poſſible, nay, 
it does undoubtedly come to paſs, that the pro- 
+ portions undergo ſome change in the courſe of ſe- 
Vveral years; for at firſt the water 'diffolves with 
facility all the ſoluble ſubſtances of the ſtrata over 
which if paſſes; and after it has ſucceſſively car- 
ried them away, it meets with no more, at leaſt 
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5 the quatitity is Winni ett? Senate, theſsTabter- 
5 **raneous canals themſelves are liable to various 
F changes. In one place the old ones are ſtopped | 


up, in another, new ones are opened: now, ſince 


WEE: the particles of the ſtrata traverſed by the waters 
we __ are not conſtantly of the ſame nature, it cannot 


appear ſtrange that they ſhould partake of theſe 
varieties . 


5 * | (5) Mc have deu bind; that” the n- 


. ceous earth was ſuſpended in our waters, on ac- 
| 1 count of the extent of ſurface ariſing from the te- 
1 nuity of its particles: the ſame remark may be ap- 


7 plied to the greater part of the acrated calcareous 
Earth, which ſeparates along with the filex during 
it (%) See above, Diff. I. 5 211. = 
| b | | ebullition, 
5 a 
iy 
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| ebullition. In reality. the water, when rarefied 
by the heat, loſes ſo much of its ſpecific, gravity. 
that the earths are precipitated: the increaſed mo- 
bility of the particles of the water facilitates this 
ſeparation. The calcareous earth held in ſolution 
by the aerial acid ſtill further contributes to the 
production of this effect; becauſe, as the heat vor 
latilizes the ſolvent, it joins the ſubſtances Which 
are only diffuſed, and enlarges their molecules, 
It is now eaſy to conceive why tea · kettles come to 
be covered with a calcareous cruſt, of which the 
quintal contains about 3 or 4 . of Ny 
of quartz. -. PS 
A kanne of water, n aerated, is capa- 
ble of diflolying 27 grains of- acrated calcarcous 
earth (F); wherefore our waters, which contain 
in that quantity only four cubic inches of this acid, 
will diflolve little more than a grain. It will per- 
haps appear ſtrange that the particles which are 
ſuſpended in a fluid, only on account of their 
ſmallneſs, ſhould not impair its tranſparency :- but, 
In the firſt place, I have remarked, that the water 
of the draw-well, which contains moſt earth, is a 
little opal coloured; on the other hand, it ſhould 
be conſidered, that particles of ſufficient tenuity 
to paſs through the filter, and to remain ſuſpends 
ed in water by friction alone, muſt neceſſarily be 


tranſparent, at leaſt as webs as 15 are ſurround- 
ed by Water. * Ann . 


5 = See Diff. 1. 91 1 5 2997 58) 
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fi a) Thele waters ſcarce weigh paper HORS 


eld blue by turnſole; they give a fight” ſhade of 
blue to paper made red by Brazil. wood; they do 


not at all alter paper tinged by turmeric. The 


cauſes of theſe _— Have been abe a. 
bore (g). A 


(s) Spirituous endure of ab ſhews no welt 
of iron, any more than the phlogiſticated alkali. 

(c) The mineral acids produce no perceptible 
change, If a little of the cryſtallized acid of ſu- 
gar be thrown into them, it generally forms white 
ſtreaks as it paſſes through the liquor, and a white 
powder, which is real ſaccharated calcareous earth, 
collects round it at the bottom of the veſſel; 
Theſe phænomena are but faintly exhibited by 
the river water; they are more perceptible in that 
of the ſprings ; and very evident in thoſe of the 
wells, eſpecially of the draw well. The ſaccha- 
rine acid alſo occaſions a ſmall precipitate in ſnow- 
water, but it is not "viſible for ſome hours (h). 


This acid ſcarce makes our waters turbid after 


boiling, eſpecially the ſpririg-waters, which de- 
1 e eee; PW ; 


* 


FR See Dit. IL ; 511. i 
- (5) See below, Diff. VIII. f vi. 


— 


(o) The 
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(o) The fixed alkalis precipitate a white earth, 
which on examination is found to be real calca- 
reous earth. A copious precipitation takes place 
immediately in the, draw-well water; in the reſtt 
it is flower, and far leſs conſiderable. The water 
of the draw-well is ſcarce made turbid, after boil- 
| ing, by addition of alkali, 

(4) Lime-water turns white infants, and a 
calcareous precipitate is formed ; this is awing to 
the aerial acid which combines with the pure cal- 
carcous earth, and carries down with it the earth 
which was held in ſolution by the excels of this 
acid, and which is then deprived of its ſolvent (i). 

If theſe waters be made to boil briſkly, and a 
wann quantity of lime - water be then added, 3 


fight turbid appearance is perceived, which an- 
nounces the obſtinate adherence of the laſt Par I 
tions of aerial acid. A 
() Salited ponderous earth in the ſpace of 24 4 
hours cauſes no alteration in the water of the ri- 7 
ver; a very flight one in that of the ſprings; and 3 
a much more perceptible one in that of the wells, 4 
particularly of the draw-well, from which it pre- 1 
cipitates a white powder ; this clearly announces : 
the preſence of the vitriolic acid (0. i 4 
46 Salited lime produces no change in theſe | 2 
(6 See Dill. I. x.. 3 1 
(4k) See Diſſertation II. g vn, and the 2 r | #4 
quoted on the Elective Attractions. „ | | | | 6 
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waters ; they indeed contain no ſubſtance ee 


; of decompoſing it. 


() If a piece of alum be 33 into any of 
theſe waters, it is decompoſedgas it difſolves : the 
aerated calcareous earth attracts the vitriolic acid; 
and the argillaceous baſis, left alone, forms, as 
uſual, a ſtratuin parallel to the ou of the vel- 
ſel. 

(1) The ſolution of deer clouds all theſe Was 
ters ;—it ſcarce affects ſnow-water. | 

(x) Nitrated mercury, made without heat, oc- 
caſions a white precipitate in them; that made 
with the aid of heat occaſions a yellow precipitate, | 
which, in the water of the draw-well, is very co- 
pious. Snow. water is ſcarce rendered turbid by 
the former of theſe preparations, and "wy 2 
bly by the latter. 

(.) Corroſive ſublimate ſometimes e a 


flight precipitate, of a white colour, which ſhould 


perhaps be attributed to a little volatile alkali. 

() Acetated lead inſtantly renders theſe wa- 
ters milky. The lead precipitated in the river- 
water is entirely ſoluble in diſtilled vinegar; a 
ſmall part of that precipitated in the water of the 
ſprings remains inſoluble in that menſtruum; but 


it is viſible only when large quantities have been 


ſubmitted to examination. More of the precipi- 


tate formed in the water of the wells reſiſts the 


action of vinegar, which attacks ſalited but not 
yitriolated lead, 


6 


- 
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(*) A piece of martial vitriol, thrown. into 


_ theſe. waters, occaſions a precipitation of martial 


earth as it diſſolves. If a few drops of the ſolu- 
tion of this vitriol be poured. into a ſmall phial, 
containing about an ounce of water, and the pre- 


cipitation be immediately made by a few drops of 


liquid vegetable alkali, the precipitate, which at 
firſt is green, ſoon changes to a yellow colour, 
though the bottle is full, and well ſtopped : this 
phanomenon indicates the preſence of pure air 
in our waters, which attracts the phlogiſton of the 
precipitate, Let the ſame operation be repeated 
on theſe waters immediately after boiling ; it they © 
are kept in well cloſed phials, the martial precipi- 
tate will preſerve for whole years the green Oy 
which | it owes ta the phlogiſton. 

(o) Soft Venice ſoap, rubbed in our waters, 
produces a copious foam, except in that of the 
draw-well, in which it lathers very imperfectly : 
they all take up a portion of the ſoap, which ren- 
ders them milky; —even that of the draw well 
does not recover of itſelf its former tranſparency. 


§ v. On * Uſes for which theſe Waters 
THF are fit. 


From theſe obſervations we are enabled to judge 
of the ſuperior excellence of the Upſal waters : 
that of the draw-well muſt be. excepted; but it 
may be corrected by boiling, and would be much 

O 2 improved, 
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improved, if it was oftener drawn, and leſs ſtag - 
nant; it is indeed not quite crude, fince it dif6 


ſolves a little ſoap. If we overlook this water, 


and that of the river, they are all agreeable to the 
taſte, when they are drank cold; but the ſpring 


belonging to the citadel has ſome advantage over 
the others: the waters of all the fprings, hows 


ever, are equally good to be drank hot. The ri- 


ver -water is generally uſed for waſhing, for boil- 


ing garden-ſtuff, making coffee, beer, and fpirit 


of corn, principally becauſe a large quantity may 


be procured with leſs trouble. The water of all 


the ſprings, and the two firſt wells, would ſerve | 


equally well, and indeed, on ſome occaſions, 
would be preferable ; for inſtance, for the waſh- 


ing of fine linen, for ſtarching it, and tinging it 


— 


with a ſlight blue by means of turnſole the wa- 


ter of the ſprings ſhould be preferred, becauſe 
that of the river gives it a reddiſh hue. 
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- beneficii. Quapropter ante omnia ipſarum potentia en- 
. 'empla ponemus. POIs 9] enn ANI | 
rare queat? Pim. | 


* Now's 2 Sh + | 


51. Of medicinal Waters in general. 


Hyſicians have two principal ways of curing, 
or at leaſt of alleviating, the numberleſs ma» 
ladies by which the human frame is aflailed. They 
either employ remedies of ſuch cflicacy as to pro- 
duce an evident effect in the courſe of a few 
hours; or elſe they preſcribe a irequent repetition . 
of mild medicines in ſmall doſes, of which the ac- 
tion does not become ſenſible till ſeveral weeks, 
and ſometimes till ſeveral months, have lapſed : 
among the latter, mineral waters are juſtly enu- 
-merated ; they eſſect ſurpriſing cures every day, 
and ſuch as could not be expeted from any other 


2 O 3 . 
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mode of cure hitherto. diſcovered. We. are not 
to attribute theſe effects to ſimple water, conſi- 


dered by itſelf; for, according to ſuch a ſuppoſi- 


tion, they would be produced in every place alike, 


— 


but to the ſubſtances mixed with it, and diſſoved 


in it, by which it is ſharpened, and, as it were, 
armed with ſuch efficacy. Hence, in all ages, 
good phyſicians, defirous of eſtabliſhing the ſalu- 


_ tary art on a firm foundation, have confidered it 


as a duty incumbent upon them to ſubmit to chy- 


mical analyſis ſuch waters as were famous for the 


cure of any diſeaſe; and if this taſk had been per- 
formed with proper exactneſs, we ſhould now be 


enabled to form a certain judgement upon the uſe 


and virtues of all mineral waters When the 


compoſition of any medicine is perfectly under- 


ſtood, and its mode of operation has been care- 
fully obſerved on various occaſions, the phyſician 
has then fixed and clear notions concerning its ef- 
feQs, which cannot fail of becoming highly ſer- 
viceable in future, whenever a mixture of the 


ſame ſubſtances, in the ſame proportion, is diſco» 


vered : if ſo neceſſary a part of knowledge has not 


been hitherto acquired, it is becauſe the analyſis 
of waters forms one of the moſt difficult problems 


in chymiſtry. The ſubſtances held in ſolution are 
of various kinds, and always in very ſmall quan- 


tity: not to mention that ſeveral of theſe ſub- 
ſtances,” and thoſe the moſt important, have not 
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pened, chat the ven accurne analyſe ben fall 
very far ſhort of perfection. 
Henceforward, let us rely on no abba, un⸗ 
l a mineral water, in every reſpect reſembling e 
the natural water, has been recompoſed, with 1 
pure water and the ſubſtances that have been, o IF 
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$11. Situation of 5 . at Bel 


3 ſpring which I propoſe to examine with 
ſome attention is fituated at the diſtance of bout 
three-quarters of a mile ſouth-weſt from Upſal; in 
the pariſh of Denmark. In the neighbourhood 
ſeveral veins of mineral water have been diſcover- 
ed, but four eſpecially. are in repute; they are 
very near together, and riſe in the meadow Wall- 
by, of which the ſoil is argillaceous. Theſe aci- 

dulous ſprings. were diſcovered in 1733, and fre- 
quented with great advantage; they were aſter · 
Wards forſaken and neglected, for what reaſon 1 
know not, till the ſpring of the preſent: year (a). 
Then Ab. Scoderberg, a {kilful ſurgeon' of the 


(a) The celebrated G. J. Wallerius publiſhed, thirty- 
kx years ago, a deſcription of this fountain newly diſcover» 
ed, i in a work entitled, Tankar om Danemarks Halſo - 
1 4, brune.” He mentions ſome fortunate cures effeQed by 
| | them} but they have probably undergone great changes 

fince that time, as will appear from a compariſon. of bis 
deſcription with that which I ſhall give below. _— 
O4 Upland 1 
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Upland regiment, cauſed a proper reſervoir, and 


the neceſſary buildings, to be conſtrued, à little 


| nearer the royal road than they were before. Laſt 


ſummer a great concourſe of people reſorted to 


theſe waters, and tock them with benefit. This 


fountain lies in a plain between the ſouth and the 
weſt: there is an eminence ſituated at ſome di- 


ſtance, from which the rings probably derive 


their origin. ow on IP * 1 . . 4 4180 295 : * 7 4 


=y 


my: OD i 1 7 2 . — F A A, 7 i 333 
8111. Phyſical Qualities of this F. ountain. . T 


' The four veins afford much more than one 
9 karines of water every hour, which ap- 


pears very limpid; but, when compared” with 
Mat of the ſprings at the mill, or citadel, a con- 


fiderable difference is perceived. When it is at 
eſt, or runs but ſlowly, its ſurface ſhews the ſe- 
veral colours of the rainbow, and a depoſition of 


ochre 1 is ſeen at the bottom. If the reſervoir has 


been kept long cloſed, a ſtrong hepatic ſmell is 
- exhaled from it, which may alſo be perceived af- 
ter ſhaking the water for a few moments in a 


corked bottle, and then applying it to the noſe. 
This water has a taſte of ink, but it is very 
won found to be in a great meaſure deſtitute of 


that briſk and agreeable acid which makes the 


acidulous 1 in Dn ſo volatile and ſo effi. 
; cacious. "hi 


. 


— 


The temperature is between (b) 9? and 105. 


_ The ſpecific gravity i is to that of diſtilled wat 
as 00 105000. 3 | E. a 
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89 
"ki 8 nager many experiments; to Power 
how much of that elaſtic which is properly called 
the aerial or atmoſpherical acid, is contained in 


this acidulous {pring, One part changes ten parts 


of the blue tincture of turnſole to a very percep · 
tible red; however, four parts do not alter this 
O__ mach as one part of the Spa water. 

A gitation in a corked phial produces rather 
| more bubbles in this water than in that of com- 


mon ſprings treated in the ſame manner. If what 


. thas been ſaid above of its taſte be recollected, it 
will appear that there is a deficiency of aerial acid; 
as will he ſeen ſtill more clearly, if it be diſenga- 
ged by heat, and collected by means of quickſil- 
ver (c): in truth, it is ſcarce found to contain ſeven 


cubic inches in a kanne z whereas the ſame quanti- 
bd of Spa and Pytmont waters, as they are im- 


ported into 8weden, contain, the former near ſe- 
ven times, and whe bauer thirteen times as much. 
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§ v. The Principles obtained | by evaporation. 


In order to obtain the kd ſubſtances which 


do not fly off at a boiling heat, I evaporated given 
quantities of this water in the following manner: 
— after expoſing i it to the fire for four minutes, I 
ſuffered it to cool. 1 then filtered it, and obtain- 
ed a kind of ochre, amounting to 14 grain per 
kanne. As it is neceſſary to adopt ſome proceſs 
for procuring an equal exſiccation of the reſidua 
before they are weighed, 1 expoſe them for fif- 
teen minutes-to an heat of 1009 (4). This term, 
which is that of boiling water, ſeemed the moſt 
convenient, becauſe it may 18115 0 wo "uy 15 
obtained. 


I be filters Would be dried at this ae, 110 


afterwards weighed, in order to eſtimate what 
they contain. It is indeed impoſſible to prevent 
ſome very ſubtile particles from paſſing through; 

but it is ſtill more difficult to ſeparate the ſubſtan- 

ces completely which adhere to and penetrate 
white paper not alumed, which is proper for this 
purpoſe. After thus weighing the ſubſtance, a- 
long with the filter, we have only to deduct the 
weight of the latter to find exactly that of the for- 
mer: moreover, this mode of drying is more 
convenient, becauſe, after the filter and its con- 


(.) 2120 of Fahrenheit. B. 
| | tents 


L 
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| tents have been leſt expoſed to the air, it may be 
rolled up, e dy ee aid a 
ing heat thus applied to it. 

My aim, by this firſt evaporation, was to Hom, 
whether a little calcareous earth or magneſia was 
not held in ſolution by the aerial acid; for we 
have ſeen that they loſe, at this temperature, the 
exceſs of that fluid neceſſary for their ſolution, 
when they precipitate, and remain on the filter, 
along with the ochre. In the preſent inſtance, 
there was no obſervable veſtige of them, and the 
reſiduum did not efferveſce in the leaſt with the 
acids. I then continued the evaporation till the 
water was reduced to ; and, after having fil- 
tered the liquor again, the reſiduum, when dried, 
amounted to 24 grains per kanne. All the fol- 
lowing numbers are to be referred to this mea- 
ſure, which I will mention no more, and which 
ought always to be underſtood, unleſs another is 
particularly ſpecified, When the evaporation of 
the reſt was finiſhed, and it had been dried; there 
remained 16 grains; wherefore we have 20% grains 
for the ſum of the ſeveral reſidua, of which we 
e ce d E 


F v1. This Water contains aerated vitriolated 
. 3 wk 4 % Tron. 8 * 12717 
Ihe preſence of iron is known by the ochre 
Nee it depoſits, its * the black colour it 
| ſtrikes 
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firikes with aſtringents, and the blue colour pro 


duced by phlogiſticated alkali. But it ſoon ap- 
pears, that a very ſmall portion only of this metal 


is held in ſolution by the volatile acid; that the 
greater part is combined with an heavier and a 
more fixed acid, becauſe this water retains the 


property of turning black with aſtringents (. 


we may conclude, that it is a vitriolic water; for 
if the iron was diſſolved by the aerial acid only, it 
would be all precipitated by boiling : on the con · 


longer hold the ſame quantity as before in ſolu» 
tion; for, as iron is more deprived of inflam- 
mable principle, it requires more acid for its dif 
ſolution, and heat promotes the diſſipation of the 
phlogiſton. In water containing a very ſmall 


(e) It ſhould be obſerved, that an exceſs of tiacture of 


galls may eaſily miſlead, becauſe common water, contain- 


ing a little aerated calcareous earth, without an atom of 
iron, precipitates it. The -precipitate is of a ycllowiſh 
white colour, and not perceptible at firſt ; if a little iron 
ſhould be preſent, there will be a mixture of violet-co- 


Joured particles, and in two hours a greeniſh tinge will ap- 


a 


after having been long expoſed to the open air, 
and even after boiling, to the laſt drop; whence 


trary, water impregnated with martial yitriol, kept 
in an open veſſel, is continually depoſiting ſuceeſ- 
five portions of ochre z becauſe, as the metallic 
| baks gives out its phlogiſton to the air, which at- 

tracts it with great eagerneſs, the acid can na 


portion 
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portion of vitriol of iron, it may be fo far di- 
miniſhed by this means, that neither tincture of 
galls nor phlogiſticated alkali ep any G pe 
effect. 
According to ſome modern ehymiſts, . . 
water gives a blue colour with phlogiſticated al- 
kali certainly contains green vitriol z but this opi- 
nion is refuted by experiment, for diſtilled water, 
impregnated with aerated iron, aſſumes the ſame 
_ tinge, only a little more ſlowly; a circumſtance 
that will not ſurpriſe thoſe who conſider the un- 
equal ſtrength of the two acids with which the 
iron is combined : it is even certain, that vitriol 
of iron, completely faturated, does not afford a 
fine Pruſſian blue fo Tpeedily, nor fo copiouſly, as 
that in which there is exceſs of acid; for the pre- 
cipitate of the latter ſhews inſtantly the fineſt blue, 
whilſt that of the former has at firſt a blackiſh or 
whitiſh tinge. In the preſent inſtance, the vitrio- 
Ic acid is more clearly detected by other proceſſes ; 
be addition of vinegar of lead produces ſmall 
angular grains, which are not attacked by vine- 
gar; beſides, if the iron is precipitated by the 
fixed vegetable alkali, a true vitriolated tartar may 
be obtained by cryſtallization. Now, this could 
never happen, if no vitriolic acid was preſent to 
combine either with the lead or the alkali, | 
It is poſſible to determine the quantity of iron, 
by the colour which the water receives from the 
mga of galls; by trying, th an IO num- 
ber 
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der of drops of the tincture, equal quantities of 
water, more or leſs impregnated with vitriol : 
when the ſhade is the fame, the bulk of water e- 
qual, and the quantity of the aſtringent principle 
the fame, the quantities of iron muſt needs be e- 
qual; and as the operator knows how much is 
contained in the ſolution which he made, he will 
alſo know the weight of that contained in the wa» 
ter which he is analyfing : this proceſs is not to 
be rejected with diſdain ; but to be certain of the 
reſult, requires a tedious exaQtneſs. Others, after 
waſhing the whole reſiduum in pure water, then 
drying and weighing it, pour one of the mineral 

ids upon it; and afterwards, pouring off the 
acid, waſh what remains undiſſolved; then dry 
and weigh it again, and from- the diminution of 
weight collect that of the iron. This method is 
not a bad one; but care muſt be taken not to uſe 
too ſtrong an acid, not to add too much of it, 
and not to continue the digeſtion. long; for if 
there ſhould be any ſelenite in the reſiduum, as it 
is ſoluble in the acids, they may take up more or 
leſs of it, perhaps the whole, and the operation 
would not be exact; - the ſureſt way is to precipi- 
tate all the iron with phlogiſticated alkali. 

A kanne of this water furniſhes, by this pro- 
ceſs, near 16 grains of precipitate, which contain 
about 14 grains of martial vitriol, as 106 of this 
ſalt in cryſtals afford 115 of Pruſſian blue: the 
* quantity of iron diſſolved by the aerial t 
m 
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| muſt be deducted;; but this ſcarce exceeds 4 of a 
grain; fot e, 
only 4 of iron (). 4% xi pets 5 


* 


5 vii. Of the Selenite. 


Wen the iron has been parted from the reſi- 
duum by means of an acid, a whitiſh matter, of 
the weight of 14 grains, remains, which exhibits 
almoſt all the properties of ſelenite; it is alſo found 
in the ochre collected by the firſt filtering ($ v.). 
All the reſiduums, and eſpecially the laſt, are eaſi- 
ly fuſed, with an appearance like boiling, upon 
coals excited by the blow-pipe ; they leave a glo- 
bular matter, which is attracted by the magnet, 
unleſs it has been too long expoſed. to the fire. 
The little ſolubility of this ſubſtance in water, and 
the appearances it ſhews in the fire, whether by 

itſelf or in mixture, ſufficiently ſhew it to be ſe- | . 
lenite. Above all, it may be known by decompo a I 
ſing it by fixed alkali in the liquid way; for the : £ 
calcareous earth is precipitated, and by cryſtal- 
lization Glauber's ſalt or vitriolated tartar may _ " 
be obtained, according to the Kind of alkali em- k.4 
vloyed. 88 
l be ſelenite may be till better ſeparated from 
the iron, by boiling the dried reſiduum in 30 
times its . of diſtilled water, which e 
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© the faline part, and afterwards it is eaſy to des 
termine the quantity by weighing, after it has been 
dried, the ochre which remains. | 


$ vI1T. ; Of the Siliceous Powder, 


. - If the ſelenite is diffolved along with the iron, 
| (65 vr. vr1.), there remains about half a grain 
of very fine powder, which reſiſts the acids, even 
when aſſiſted by heat ;—when it has heen waſhed 
and examined, it is found to be true filiccous 


7 


- 


gx. of the Salts. 


By a flow evaporation of the water with which 
the reſiduum has been waſhed, about three grains 
of perfect cryſtals of Glauber's falt may be ob- 

_ "tained; which contain only the ſmall portion of 
| tron that the water of cryſtallization retains: the 
remaming liquor is greeniſh, and does not caſily 
afford cryſtals; but when reduced to dryneſs, it 
affords two grains of a deliqueſcent matter of an 
aſtringent, and at the ſame time falt taſte : this 
matter, tried by different teſts, and eſpecially by - 
precipitants, is found to be vitriol, but in a highly 
dephlogiſticated ſtate, and a little Glauber's falt 
mixed with common ſalt; this laſt ſhews itſelf both 
by its taſte, and one or two cubical cryſtals, but 
chiefly by the grey and acrimonious fumes which a- 
: riſe 


riſe; and [by the re ſmell which it exhales, 

when it is moiſtened with a little concentrated vi- = 

triolie acid, and ſome wet ſubſtance is held over” 
t. py | . 5 P 


5 x. Principles of the Denmatk Water: 


| From 9 has been faid before, it may be „ 
ee. ee of the Denmark water 
contains, | 


„ 


of aerial acid „ . Tg 
of acrated iron = ñ of grains, 5 VI: 
ol vitriol of iron 14 f vi. and ix. | 
of Glauber's ſalt - 3x Six. 5 50 
of ſelenite - _ 14 grains, vt. 
of com. ſalt, at moſt 03 © X. 
of ſiliceous, nearly o p III. 


In all 324 grains, which conſiderably —_ the = 
weight of the whole reſiduum (5 v.); but this 8 8 1 
difference ariſes from the water of cryſtallization, = ; 9 
which here enters into the account, and which = 
the heat had diſſipated when the reſiduum was — 
weighed the firſt time. If the ſame ſubſtan- „ 
ces, in the ſame proportions, are added to diſtil-· N 
led water that has loſt its empyreuma, a ſolution 
perfectly reſembling the natural water in taſte and : 1 
every other quality will be obtained; and thus 


eur analyſis is completely conſirmed by ſyntheſis. 1 
Vor. J. P | It | | N _ 


— 


* 

Nr © „ 

i o 3 a 

: g * ' — — bo "> 
Pas; gr ion N Ann tee 3 * 204 #9. — — — 5 
— Ao — — 4 
» 8 e * 1 

8 — 3 


_ 
thera d- . 9 2 - * 
99 £ * 0 ' a. * 
— * my —_ n NOT * mn * 
1 2 r I E =. IE - 1 1 
* [7 * * Pa We "a * . 9 « re _ . 
= . * 322 * " 
N k 6 5 * " 


_ 23 1 l « 2. 
* 1 wi r — 
3 N - 4 R 


= 1 
b * rY 
— * n "ap "za 
ef «+. wa. 
TV TUE TY ws an YI 9 3 the Mu" 
_ n Am 
72 — B 1 9 — n 
- 
* " - * 
* L "4 
* 8 = o 2 A * 1 * 
1 oo 


n 
na 


56 ON THE ACIDULOUS SPRING 
It ſhould however be added, that the acidulous 


water of Denmark contains a little extractive ve- 
getable matter, which without doubt it has recei- 
ved from the roots that it met with in its paſſage 
under ground ; and probably this is what impairs 
its limpidity (5 111.). One may ſometimes diſco» 
ver, by mere inſpection, fragments of vegetables. 
Ihe variegated pellicle on the ſurface does not 
come from any mineral unctuous ſubſtance, but 
from iron in a certain degree dephlogiſticated : 
ſimilar pellicles appear on ſolutions of any metal- 
lic ſalts expoſed to the air; they are alſo formed 
by iron diſſolved in water by the aerial acid. 
Pure air forcibly attracts the inflammable prin- 
ciple; and it is evident, from many experiments, 
that the colours of metallic calxes vary according 


to the quantity of phlogiſton of which they have 


been deprived. The hepatic ſmell plainly points 
out the way employed by nature to impregnate 
this water with its mineral particles. 

Such are the fubſtances contained in the aci- 
dulous ſprings at Denmark; to treat of their uſes 
and efficacy does not fall within my plan. It is 
however, in general, evident that they muſt poſ- 
feſs virtues different from thoſe of lighter waters 
in which the iron is diſſolved by the aerial acid: 


but although the ſame effects which the latter eve- 
ry day produce, cannot be expected from them, 


they probably poſſeſs greater power and efficacy 
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in thoſe caſes which may require a vitriolic wa- 
Moreover, the vitriol and ſelenite are here the 
| aQive principles; the other ſubſtances are preſent 
in ſuch ſmall quantity that they can have little 
ſhare in producing the effects. With reſpe& to 
the ſelenite, it is found in the Pyrmont water, as 
well as many other waters of high reputation; 
but there is great reaſon to queſtion its ſalubrity. : 
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$1. Water taken up from the Sea at a con- 
ſiderable Depth. 


HE experienced Dr Sparrman, who lately 
viſited the Southern Ocean in company 

with the Forſters, and who in that voyage, with 
indefatigable care, has inveſtigated, collected, and 
deſcribed the wonderful ſtores of nature, endea- 
voured, during his paſſage from the Cape of Good 
Hope to Europe, to aſcertain the nature and pro- 
perties of ſea-water, taken from a very great 
depth: — for this purpoſe, a number of glaſs * 
bottles, with narrow necks, and well corked, 
were ſucceſſively ſunk, in the beginning of June 
1776, about the latitude of the Canaries ; one bottle 
taken up from the depth of 80 fathom, was found 
7 | cracked 
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EVE) in the body by 'the preſſure of the fur- : 

rounding fluid; another, ſunk to 30 fathom, had Re 
the cork a little thruſt in, but not ſo that any wa- 

ter could enter; it was therefore let down to 60 
fathom, and when brought up, was found filled 

with water up to the third part of its neck —in 

that place the cork, which had been thruſt in, 

ſtuck, fo as not to permit any water to eſcape: 

afterwards many bottles were filled at that depth, 
which, upon his return, Dr Sparrman ſent to me, 
requeſting me to examine with all poſſible accu- 
tacy the e matters it 9 = 


8 
Fa. by Li 
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$1 1. . 1. Habits with Precipitants. | 


This eber had no ſmell, and the taſte in- 
* falt, not agreeable indeed, but by no 
means nauſeous, _ that which is got at the me. : 
fer. 

(4) Paper tinged with Baze 66; er | W 
py a little blue, that with turnſole had its colour ' 
- fomewhat heightened: theſe phenomena” thew 2 : 

| ſome weak tokens of an alkaline ſubſtance; name- 
ly, magneſia diffolved by means of aerial acid. 
TinQure of turnſole was not ſenſibly change. 

(B) Acid of ſugar immediately precipitated a 
wins powder conſiſting of ſaccharated lime. © 

(cc) Fixed alkali quickly precipitated a white ä 
Alb, which on examination pol to * mag- IS I 
, neha. © 
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(o) Salited terra pondefoſa immediately threw 
| down a ſpathum ponderoſumn. 

(* cri aka produced no fins of a 
dlue colour. N 
Hence we may diſtinctiy N the 0 

of lime (8), of magucſia (C), of vitriolie aeid (o); 
—with __ eee CP. 
doubt. 1 *8 01 ; 1 

In dr 40 etatdeo thy quantity and quality 

of the proximate principles, I continued ** in- 
n in ts erg manner. 20 bn 
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$111. | Principle collected TY Evaporation 


A kanne of this water (che ſpecific gravity, 
compared with diſtilled” water, was 1, 289) upon 


evaporation to drynels, yielded a reſiduum which, 
when well exſiccated, weighed 3 ounces 378 
grains. | | "Io 
() This reſiduum, well waſhed with alcohol, 
and dried, was diminiſhed in weight 380 grains. 
Ihe ſolution, diluted with diſtilled water, de- 
poſited, on the addition of mineral alkali, a mag- 
neſia; and the liquor, on evaporation, | en 
common ſalt. 
8) In order to diſcover whether there was any 

vitriolated magneſia preſent, I added to the faline 
maſs, waſhed with alcohol, a ſmall quantity of 
warm water, and ſuddenly decanted it off. This 
Waters on examination, ſhewed no 0 Kat of vitrio 

ned 
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lated magneſia, either in taſte or by precipitation, 
and contained nothing but a ſmall Prey 1 com- 
mon ſalt. 

Vitriolated magneſia is very e diſſolved in 
boiling water, whereas of pure common ſalt ſcarce- 
ly any more is taken up by hot than by cold wa- 
ter; by the above method, therefore, they; may 


caſily be ſeparated. Some moderns contend, that 
more of common ſalt is taken up by cold, than by 


warm water; but this aſſertion is contrary to the 
nature of things, and to experience ; upon accu- 
rate examination, I found the quantities taken up 
by boiling water, and by water of a moderne 
many to de reſpeQively as 77 to 714. 


(cc) The common falt was diflolved in a 4 
tity of cold water ſo ſmall, that it could take up 


no more; and therefore a white powder remain- 
* which appeared to be gypſum. 


(o) This gypſum excited in diſtilled vinegar 
a very light efferveſcence, which ſoon went off, 


but the gypſum was ſcarce ſenſibly diminithed. * © 
(E) Upon collecting and weighing all the wo 
ny each kanne is found to contain © + 
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35 of common ſalt, be Ie „ i os ve I 
of falited magneſia, Py: 8 380 A 
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The magneſia which adhered to the gypſum, 
and had been diſſolved by the aerial acid, is found 


in ſuch ſmall quantity as not to amount to F of a 
8 in. | . | 5 ; 


S rv. The Uſes of Sea-Water. * 


If ſea- water taken from a conſiderable depth 
be always of the ſame nature with that above ex- 
amined, we may conclude that ſuch water is free 
from the ordinary nauſeous flavour; and this ſup- 
poſition alſo agrees with other phænomena; for 
the innumerable croud of fiſh, inſects, and vege- 
tables, that grow, live, and periſh in the water, 
as ſoon as they begin to grow putrid, ſwell, and 
riſe to the ſurface, or at leaſt ſuch parts of them 
as are extracted by the water: on the ſurface 
theſe meet with a ſufficient quantity of ſalt, and 
free acceſs of air, circumſtances which wonder- 
fully promote putrefaction. This deſtruction is a 
neceflary part of the œconomy of nature; and 
thus many circumſtances, with joint force, con- 
tribute to this operation; the neceſſary conſe- 
quence of which I apprehend is, that nauſeous 
and loathſome taſte occaſioned by the putrid par- 
ticles near the ſurface;—but, whatever be the 
cauſe, provided the fact be uniform and conſtant, 
an advantage of no trivial nature may be derived 
from it for the benefit of ſeamen ; for ſea-water, 
taken up at this depth at leaſt, diluted with an 
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equal quantity of freſh water, may be employed 
for the boiling of proviſions, by which means one 
half of the freſh water will be preſerved ; and per- 


haps in time of urgent neceſſity a greater favi 
might be made, > 
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COLD MEDICATED WATERS. 


* 


8 1. Reaſons for the preſent Undertaking. 


HERE are four remarkable ſpecies of mine. 
1 ral waters; namely, the Seydſchutz, Selt. 
er, Spa, and Pyrmont waters, which are im- 
ported into Sweden; phyſicians having found 
theſe ſo uſeful againſt infirmities and diſeaſes, that 
a conſiderable quantity of them is preſcribed and 
| uſed every year. e 
But as theſe waters either cannot be had 
amongſt us at all during the winter and ſpring, or 
at leaſt not freſh, although the moſt powerful re- 
medy for the diſeaſes which prevail at that time of 
the year: as the poor cannot purchaſe them at 
> By | | the 
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the price which they eommonly bear as they 
loſe more or leſs of their virtue during the voyageʒ 
Sand finally, as: they draw yearly confiderable | EN | 
ſums of money out of the kingdom; I thought + Ya 
it worth while to examine, with all - poſſible accu N | 
racy, the conſtituent principles of theſe waters; 155 
hoping that, theſe principles being once known, 7 
the waters themſelves might be prepared in any 
part of the world. Whether or not I have ſuc- 
.ceeded let the candid and ſxilful judge from the 
following pages. We now proceed to the analy. F 
fig of theſe waters, as they mult be FI. | \ 
ahh before yl can imitated, | LEA : 
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z. ball. of 15 of Seydſchuts Water... FR >> | t 1 


Principles collected by Evaporation. | | ; S 


The taſte of Seydſchutz water is extremely dit- 
ter and difagreeable: in boiling it ſeparates a 
white powder, which, collected on a filter, waſh- SES 
ed and dried, exhibits a genuine aerated lime; 
for, when ſaturated with Walze, acid, iti is 1 
converted into gypſum. a 

(3) After the wats ok part of x the water is eva- 
porated a gypſeous pellicle appears on the ſurface, 
which muſt be carefully taken away, as long as 
the leaſt veſtige of that ſalt ſhall appear during the 
evaporation, The gypſum, collected and waſhed, 
pg a little with diſtilled vincgar ; this effer. 


veſcenco 
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| veſcence depends upon the admixture of magneſia 
alba, which may alſo be precipitated from the acid 
menſtruum by alkali of tartar: however, a ſmall 
— quantity of gypſum will remain in the water, even 
| after it has ceaſed to produce diſtin@ pellicles. © 
(c) The reſiduum is of a brown colour ; and 
on repeated evaporation tliſs water yields, almoſt 
to the laſt drop, cryſtals of a bitter ſalt, which is 
totally decompoſed by lime · water, and is there- 
fore genuine (a) vitriolated magneſia: for Glau- 
ber's ſalt contains the mineral alkali,” which does 
not yield the vitriolic acid to lime. The eryſtals, 
collected and diſſolved in a ſmall quantity of wa- 
ter, depoſit on the bottom of the veſſel that ſmall 
portion of gypſum above mentioned (3). Theſe 
cryſtals alſo contain a falited magneſia, which part- 
| ly unites with the water of the cryſtals, -partly ad- 
DT heres to them externally, and may n 
ſpirit of wine. 
Salited lime cannot exiſt in water which con- 
tains vitriolated magneſia, for the proximate prin- 
ciples of theſe ſalts are immediately changed by a 
double elective attraction; the vitriolic acid ſeiz- 
ing the lime, and leaving the magneſia to the . 
rine acid. KS, : 
Upon repeating the analyſis of Seydichutz wa- 
ter, I found that the different ſubſtances may be 
ſeparated as well, or better, by ie 5. 


0 On K 6 y. yy tom... 
evaporation 


wy 
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evaporation at firſt to dryneſs, and nn, 

mn the one from the other. | 
(o) In order to determine the quantity of red 

air contained in the water, I at firſt made uſe of a 

copper cylindrical veſſel, fitted with a conical top 

(a Bc D, tab ii. fig. 1.) into this I put another 

leſſer cylinder (x F 6 n) open at the bottom, and 

ſtanding upon three feet, but cloſed at the top, 

except the little tube 1, whoſe upper oriſice ſnould 

ſtand about half an inch beneath the ſurface of the 

water, filling the veſſel; and the proceſs is thus 

conducted: the external and internal veſſels are 

filled with the water under examination; then a 58 
glaſs bottle, filled with warm water, is inverted, 
by means of the ſpoon L, in ſuch a manner over 
the tube 1, that no air bubbles ſhall enter: the 
water is then boiled as long as the vapour, and 
that only, ariſes in the form of bubbles; mean 
time the water contained in the internal veſſel is 
forced by the heat to emit its air, which riſes _ 
through the tube 1, and is collected in the bottlez  _ 
if neceſlary the firſt bottle may be removed, and 
ſet in a veſſel of warm water, while another is in- 
verted over the tube as quickly as poſlible, in or- 
der to prevent the eſcape of any of the air: final- 
ly, the ſpace occupied by the air in one or more 
bottles is to be meaſured, and that in an heat of 
509, to prevent the abſorption of air. 

This ſpace, compared with the capacity of the 
internal veſſel, ſhews nearly the quantity of air 
contained in a given meaſure of the water. Such 

.. 8: 
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a method I practiſed at firſt ; but, although the 
water in the bottle be heated to the goth degree, 
I have found that it abſorbs ſome of the air; 1 
therefore' afterwards made uſe of mercury, which, 
if the operation be properly conducted, ſhews ex- 
actly the quantity of air required (ſee Analyſis 
of Waters, VI1t. 4, B)> The bulk varies ac- 
cording to the gravity and temperature of the at- 
moſphere ;-—hence we ſhould, as much as poſlible, 
chuſe determined degrees of heat and weight, 
It is alſo to be obſerved, that the aerial matter 
thus collected generally conſiſts of two different 
elaſtic fluids, the one perfectly agreeing with the 
aerial acid, the other with pure air; that is, air 
fit for ſupporting flame and animal reſpiration. 
Common water abſorbs the firſt of theſe, but not 
the latter, being already ſaturated with it; and by 
this method the two fluids may be ſeparated to a 


certain degree. 
(E) The ſeveral matters obtained by the ana- 


lyſis above deſcribed are in quantity as follows: 


= + Swediſh kanne (that is, 100 cubic inches) of 
Seydſchutz water contains 
of aerated lime . 


of aerated magneſia 
of vitriolated magneſia 


of ſalited magneſia 


3 n 4 ; F II Ae, + 4's » 1 . o 
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The aerial fluid expelled by heat amounts to 
little more than ſix cubic inches, nearly four of 
which are aerial 05 n the ON 1 208 
air. | 

(x) As 100 cal inches of aerial acid can dif- 
ſolve no more than 27 grains of aerated lime in a 
kanne of water (ſee Treatiſe on Aerial Acid), 4 
cubic inches can ſcarcely take up more than one; 
the greateſt part, therefore, of the acrated lime 
found in Seydſchutz water is mechanically ſuſ- 
pended in it, by means of the minuteneſs of its 
parts. 

- Salited magneſia may be partly decompoſed, by 
bare evaporation to dryneſs—hence we mult not 
conclude, that all the magnefia which, upon ana- 
Iyſis, is found in a diſengaged ſtate, has always 
exiſted in the water in that fame ſtate, but rather 
that it has been united with marine acid in greater 
or leſs quantity, according to the degree of heat 
applied in the evaporation. Salited magneſia is 
eaſily diſcovered, as it diſſolves flowly, and . 
out efferveſcence, in acids. . 


$ ur. The Abpearances i ets Water 
with Precipitants- 


(a) Tincture of turnſole, made with diſtilled 
Water, and ſo diluted as to appear liſtinQly (5) 


(5) On Aerial Acid, 5 vi. 8 
e blue, 
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blue, does not grow red upon the addition of 
Seydſchutz water this is owing to the ſmall quan- 
tity of aerial acid; but paper tinged by turnſole is 
made more diſtinctly blue, which is occaſioned by 
the acrated lime and (c) magneſia. If any diſen- 
gaged alkaline ſalt be preſent, it is eaſily diſcover- 
ed, by means of paper tinged by turmeric, which 
is quickly and diſtinctly made brown by alkalis, 
but is not affected by aerated earths. 

Paper tinged by fernambucum grows W 
blue, upon the addition of Seydſchutz water. 

(B) Spirituous tincture of galls (as well as phlo- 
giſticated alkali) neither changes the colour of Seyd- 
ſchutz water, nor precipitates any thing metallic. 

(c) Cauſtic vegetable alkali immediately ren - 
ders Seydſchutz water turbid, and precipitates 
white ſpongy flocculi. The precipitate in this caſe 
is magneſia detached from vitriolic and nitrous acid. 

(D) A few drops of concentrated vitrislic acid 

occaſion no viſible change; the particles of aera- 
ted lime and magneſia are too much diffuſed to 
make the efferveſcence obſervable ; it may, how- 
ever, be made manifeſt, by bringing them cloſer 
together by evaporation, although in this caſe the 
calcareous particles have before totally ſeparated ; 
a circumſtance which takes place even in a mode- 
Tate degree of heat. 
(), The acid of ſugar, either alone or united 
with vegetable alkali, inſtantly diſcovers the moſt 
(c) On Aerial Acid, f xi and &. a 
5 4 minute 
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minute particle of (a) lime, whatever acid it be 
united with; for this acid attracts lime with ſuch 
force, that it expels even' the vitriolic itſelf, and all 
the other acids hitherto known, and forms with 
it a ſalt very difficult of ſolution, which therefore 
immediately falls to the bottom in form of a 
white powder. This acid, when added to Seydſ- 
_ chutz water, inſtantly A" a laccharated 
lime. 

() That ſubſtance which i is cd called 
oil of lime ſeparates, though flowly, a gypſum 
from Seydſchutz water; and this is effected by 
a double decompoſition, the vitriolated magneſia 
and the ſalited lime changing primary principles. 

(6) A ſmall piece of pure alum, put into Seydſ- 
chutz water, in the ſpace of a quarter of an hour 
occaſions an earthy ſtratum near the bottom of 
the veſſel, which on examination is found to be 
argillaceous. This is produced by the vitriolic 
acid forſaking its baſe, and ſeizing the acrated 
magneſia 

(u) Solution of ſilver makes Seydſchutz Was 
ter immediately turbid; for vitriolic and marine 
acid, when preſent, ſeparate the ſilver from nitrous 
acid. R049 . 
(1) Solution of mercury in this caſe precipitates 
a turbith mineral, and that white, in inverſe pro- 
portion to the dephlogiſtication of the metal 5 


(4) Of the Acid of Sugar, ſ vi. 
Vol. I. . ring 
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ring its ſolution. If the mixture be ſuffered to 
ſtand quiet, a whitiſh cloud is formed over the 
| turbith mineral, which is no other than a ſalited 
mercury. 

(x) Corroſive ſublimate prises ſlowly a 
white ſediment, which conſiſts of an aerated (e) 
mercurial calx, and is readily precipitated * means 
of lime or magneſia aerated. 

(L), Saccharum faturni, or, to ſpeak 1 more pro- 
perly, acetated lead, precipitates a white powder, 

- which is a vitriol of lead, occaſioned by the decom- 
poſition of vitriolated magneſia. The whiteneſs of 
this powder demonſtrates the abſence of __ 
reous matter. 

(1) Martial vitriol is converted into an ochre, 
during its ſolution in Seydſchutz water, becauſe 
the aerated lime and magneſia ſeparate the vitriolic 
acid, and the pure air contained in the water de- 
phlogiſticates the metallic baſe : vitriol in like man- 

ner depoſits an ochre in a bottle full, and well 

_ ſtopped. All theſe phenomena, therefore, demon- 
ſtrate the preſence of the ſeveral matters which 


were before aflerted t to de contained in ae N. 
vater. * | 


$ rv. Specific Gravity. 


I compared the | ſpecific gravity of Seydſchutz 
water with that of the beſt common water, (- 


G& On Acrial Acid, gan. 
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Rilled by a flow fire), and that in an heat of 159 3 
repeated experiments determined its ſpecific gra- 
vity to be to that of diſtilled water as 1,0060, 

Although the ſpecific gravity of a ſolution is 
rarely agreeable to that of the ingredients taken 
together, the . compariſon will not be 
without its uſe: 

A kanne of the pureſt hn ami iſtilled 
ſlowly, is nearly equal in weight to 42, 250. grains; 
the ſame meaſure of Seydſchutz water weighs 
42,503; the difference therefore is 253 grains. 
But in 5 11. we got, from a kanne of Seydſchutz 
water, no leſs than 9224 grains, which is nearly 
four times the laſt number. We muſt now take 
into conſideration the water of the cryſtals, which 
in 100 of aerated lime makes 11; of vitriolated 
| lime 22; of aerated magneſia 30; of vitriolated 
magneſia 48; and of falited magneſia nearly 40. 
Hence, a calculation being made, we find the 
water of cryſtallization of the ſubſtances aontained 
In a kanne of Seydſchutz water to be 431 grains. 
Hence, 923 — 431 = 492; but 492 —253 = 
239; which ſtill ſhews a conſiderable difference: 
but rhis difference will ſoon vaniſh, ſuppoſing the 
ſpecific gravity of the ſalts to be in general 2; and 
that, conformable to the moſt accurate experi- 
ments, no mutual penetration takes place;—for 
492 grains of ſalts, put into a kanne of diſtilled 


water, diſplace only ſo much water as is equal 


to 2* = 246; the weight therefore. of a kanne 
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of diſtilled water, in which 492 grains of ſalts 
are diflolved '= 42,250 + 246 = 42,496; but 
42,503 — 42,496 = 7: Now, fince 6 cubic 
inches of atmoſpheric acid weigh about 3 grains, 


we have at length 7 — 3 24 grains, | indicating 


nearly how much has been loſt, during the ope- 
ration, on the filters and veſſels. 


gv. Analyſis of Seltzer Water. 
8 Princi ples collected by Evaporation. 


'Seltzer water, beſides a ſubtile pungent acidity; 
excites upon the tongue a taſte gently falt, and 
_ mildly alkaline. 

(4) By quick boiling, it depoſits an acrated 
lime, which had been diflolved by means of ſu- 
perabundant aerial acid ;—this, collected on a fil- 
ter, is found to contain ſcarce any acrated mag- 


neſia, as this laſt is both more eaſily diſſolved, and 


retains the quantity of volatile menſtruum neceſ- 
ſary for ſolution more obſtinately than the * 
does. 

(3) By a continued evaporation, the magneſia 
ſeparates; but as it continues to ſeparate during 
the whole evaporation, it cannot be collected by 
filtration; we mult therefore eyaporate to dryneſs, 
-waſh the reſiduum with hot diſtilled water, and at 
length the en will remain alone at the bot. 


tem. 
(c) The 
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(o) The Solution which! 5s bined by warm 9 
water yields, on cryſtallization, two ſalts; the _ 
one an alkali, which, with vitriolic acid, forms 
a true and pure Glauber's ſalt, and is therefore 
no other than genuine mineral alkali z the other 
cubic, agreeing perfectly with pure culinary falt. 4 1 
Salited magneſia, which almoſt always accom- | / 
panies culinary ſalt, is in this caſe not to be found; PS: MY 
nor could it poſſibly be ſo, on account 15 the 4 
engaged alkali. 

(D) The weights of the ſeveral matters contain- 
ed in a kanne of Seltzer water are as ſet forth i in 


the following table. 
| grains, 5 5, 
Aerated lime, „ > 
Acrated rmagneſia, = 291 © 
Cryſtallized mineral alkali, _ -' 24 2 Ty 
Common ſalt, — 100 = 
8 „ 


The aerial fluid ſometimes amounts to 60 cubic _ | 4 
inches, which is almoſt all aerial acid; for the A 3 
pure air ſcarcely exceeds a ſingle cubic inch, | 7 3 


5 vi. The Habitudes of Seltzer Water with | "i 

1 ER  Precipitants. „ | | 2 
4D TinQure of turnſole grows red upon ahi : 1 

e of a ſmall portion of Seltzer water; but N 1 
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in the open air the blue colour gradually returns 
a change which takes place immediately upon the 
application of heat. 

Paper tinged with tincture of tornfale is ren- 
dered more diſtinctly blue by this water; that 
tinged by Brazil wood grows blue; and that tin- 

ged yellow by turmeric is but little changed: 
however, if the ingredients be reduced to a ſmall 
| Tpace by evaporation, this paper aſſumes a brown- | 
iſh red. 

(8) Tincture of galls * phlegiſldcated alkali 
produce no ſigns of any thing metallic. 
(cc) Cryſtallized vegetable alkali produces no 
effect; but the cauſtic alkali precipitates a white 
powder, which efferveſces with vitriolic acid, and 
forms a gypſum : this therefore is aerated lime, 
deprived of the portion of volatile menſtruum ne- 
ceſſary for its ſolution. 

(o) The ſtrong acids occaſion a great number 
of bubbles, which conſiſt of the aerial acid expel- 
led from the alkali and the aerated earths. 

( ) Acid of ſugar immediately * the ume, 
and falls to the bottom. 

(r) Salited terra ponderoſa precipitates no ſpa- 
thum ponderoſum, which molt evidently ſhews the 
abſence of vitriolic acid; for that acid attracts terra 
ponderoſa with ſuch force, that, deſerting every o- 
ther baſe, it unites with that earth in the form of 
nearly inſoluble atoms. 

WW Salited lime does not precipitate a calca- 

—_ 
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reous powder until after a day or N 1 
cipitate is occaſioned by the mineral alkali which 
the aerial acid, ſo long as it remains in ſufficient | 


quantity, holds ſuſpended. 


(un) Alum is decompoſed in like manner by the 8 


diſengaged alkali. 

(1) Solution of ſilver renders Seltzer water im- 
mediately milky, being partly converted into a. 
falited ſilver, partly yielding! its acid to the alkaline 
ſalt. 

(x) Solution of mercury, made without beat, 
in nitrous acid, occaſions à copious white preci- 
pitate; the ſolution made by heat cauſes a yellow 8 
one. 

(1) Corrofive ſublimate preci pitates a white 
powder, but not until after ſome days.—lIf about, 
+ of the water be diſſipated by evaporation before 
the ſublimate is added, no change is obſerved; 
but after a few days blackiſh' cryſtals appear by 950 
degrees. Of theſe cryſtals we have already treat 
ed, (on Aerial Acid, § XII). 

(N) Cryſtallized faccharum ſaturni immediately | 
precipitates a white ſediment, which is all ſoluble 
in vinegar.—The fame happens with lead, either 
united with marine acid, or precipitated by fixed 
alkali, Vitriol of lead is not ſoluble in vinegar. 

(x) Vitriol of iron depoſits a white ſediment, 
which gradually grows yellow, even.in a boeye 
full and well . | | 
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 $ vn. Specific Gravity of Seltzer Water. 


In a moderate heat, I found the ſpecific gravity $ 
of Seltzer water to be 1,0027 ; hence the weight 
of one kanne ſhould be 42,363 grains, which, 


- calculating from the ingredients, will be 42,250 
+ = = 42,3244, as the water forms about 
31 grains, 64 to every hundred of alkali, allow- 


ing 6 to the ſea- alt, and the reſt as in $1v, The 
weight of 60 cubic inches of aerial acid is nearly 
30 grains; therefore 42,363 — 42,3243 — 30 = 

+; the difference of weights of a kanne, one of 


| which is computed by the ſpecific gravity, the 


other from the quantity of the heterogeneous con- 
. | a 


5 VIII, Analyſis of Spa Water. 
| Principles collected by Evaporation, 


Spa water has a martial ſub-alkaleſcent, mild, 
and gently pungent taſte. On expoſure to the 


open air for ſome hours, it contracts a Evan va- 


riegated pellicle on the ſurface. : 

(a) By quick boiling it ſeparates a ferruginous 
powder; let this, collected by filtration, and a little 
roaſted, be put into vinegar; for this menſtruum 
diſſolves the earthy parts, leaving the dephlogiſti- 
cated iron untouched. Whatever is afterwards 
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precipitated from the vinegar by an alkali is e. 
ther than an aerated lime. 

(s) During the whole progreſs of evaporation,” 
even to the very end, a 6 powder is conti - 
nually ſeparating, Which may be obtained from the 
dry reſiduum by ſufficient waſhing carefully con- 


ducted. This generally diſſolves in vinegar, with 
efferveſcence, and is found to poſſeſs the properties 


of aerated magneſia; but ſometimes a part remains 


untouched ; this is e and e amounts to 


a grain in a kanne. 


(c) The water with which the ele hs” 
bond waſhed, on cryſtallizing, exhibits the mine- 
ral alkali, mixed with a few cubes of common 
ſalt. This alkali, united with vitriolic acid, forms 
a genuine Glanber's ſalt, ſometimes intermixed 


with a few cryſtals, reſembling ene NOT 


alkali. 
()) The experiments hitherto made ſhew, _ 


enn mt 
of acrated iron 3283 
of acrated lime, +» 82 
of aerated magneſia, F 
of cryſtallized mineral alkalls- T ; 
of common ſalt, » , - x27 > 
: | 41 
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The aerial fluid collected rarely amounts to 43 
eubic inches; which is all aerial acid, and is ab- 
| ſorbed by water.— found not. any pure air, and 
perhaps it could not long exiſt together with acra- 
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7 .  Habitudes of Spa Water with Preci. 


pitants. N fe 
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3 5 5% Bi enter araetle 1 
23sà of tinQure of turnſole. The paper tinged by 
turnſole is rendered of a more vivid blue; that 
tinged by fernambucum is made blue; but paper 
coloured by turmeric is ſcarcely changed, until 
er nee 4 reduced . 
poration. : 
(B) A fingle drop of tincture of galls nin ; 
Spa water purple ; and phlogiſticated alkali pro- 

duces, though flowly, Pruſſian blue.—Spa water, 

on boiling, does not exhibit the ſmalleſt ſign of 
, either by theſe nn. or Fo ny other x” 

(c) Cauſtic fixed alkali, he 24 ts * 

rates, though ſparingly, a white calcareous powder. 

The cryſtallized alkali has no other effect than to 

deprive the water of its pungept flavour. 

(o) Concentrated acids occaſion a grout quanti- 

ty of bubbles. 
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() Saceharated vegetable alkali, as alſo acid. 


of ſugar alone, precipitates lime but ſparingly. 
(r) Salited terra ponderoſa very rarely ſepa- 
rates any thing, and when it does, it is very flow- 


- ly; which indicates either the abſence of vitriolie F, 


acid, or that its quantity is extremely ſmall. 


(6) Salited lime, after 24 hours, is . | 


by the fixed alkali of the water. 


(n) Alum depoſits its earth. | 
G) Solution of ſilver throws down a fine white 
powder. 


(x) Solution of mercury, made * heat, | 


yields a yellowiſh white precipitate; that made 
with heat a browniſh yellow. 


(1) Corroſive ſublimate, after 24 hours, ſepa- 
rates a grey powder, which, if the water be pre- 


viouſly concentrated by pere, is of a brown - 


iſh yellow. | 
(6s) Acetated lead forms a white precipitate.” | 


(N) Martial vitriol yields a white powgeny —_— h 


gradually grows 7 


$ X. Specific gravity of Spa Water, 


In an heat of 15* the ſpecific gravity of Spa 


water is 1,0010, hence the weight of one kanne 
ſhould be 42,292 grains; — but the water of the 


reſiduum is about 14x, and the weight of 45 cu- 


bie inches of atmoſpheric acid = 224; therefore 


42,292—42, 250 + 252+ 222 2 5 which is 


the difference ſought. 


xt. 
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$ x1. Analyſis of Pyrmont Water. 955 
Principles collected by Evaporation 


Pyrmont water poſſeſſes a moſt Gt ſuba- 
 ceſcent, pungent flavour, not unlike that of Cham- 
paigne wine, but at the ſame time martial, and a 
little bitteriſn; in the open air, it contracts a pel- 
licle like the Spa water. 

(a) During ebullition aerated iron, together 
with acrated lime, is ſeparated; the former may 
be eaſily ſeparated from the latter, by means af 
vinegar, as above deſcribed (v111. 4). | 
( ) After filtration, let the evaporation be con- 
tinued to dryneſs; let the reſiduum, waſhed with 
a ſufficient quantity of diſtilled water, be put into 
_ vinegar: the part thus diſſolved ſhews the proper- 
ties of magneſia; that which remains nocd 
is found to be gypſum. ] | 

(c) The water with which the FPS has 
been waſhed, being evaporated, exhibits at firſt 
true vitriolated magneſia; but towards the end, 

magneſia mixed with common ſalt, which may in 
ſome degree be ſeparated by conducting the eva- 
1 8 poration very ſlowly. 
_ Re (sp) All the ingredients being carefully ia” 


= | ; 
= 1 5 ed, there arg found in each kanne of Pyrment 
4 4 5 Mater, 


grains, 


\ 
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ok aerated iron 3 
of acrated lim 20 
of vitriolated lime 38% 


of acrated magneſi˖aa 45 
of vitriolated magneſia - 25 
of common ſal - « 7. 


1387 


The aerial fluid collected ſometimes amounts. 
to more than go cubic inches, and conſiſts entire- 


ly of aerial acid; in general, however, the quan- 
tity of acrial acid is much maler. 


1 


S xII. Abpearances of Sy! Water with 
Precipitantas. 


Y Pyrmont water communicates a deeper red 
tinge. to tincture of turnſole than Spa water does. 
The paper ſtained by turnſole has its colour height- 
ened ; that with fernambucum grows blue; that 
with turmeric is not changed, even though the 
water has been much eyaporated. | 
(Bs) TinQure of galls-and phlogiſticated alkali 
ſoon diſcover iron; but the water, aſe boiling, 
ſhews no ſigns of that metal. 
(©) A ſingle drop of cauſtic fixed alkali, throws 
down a white earth, which, on examination, ex- 
 bibits the qualities of magneſia. e 
| (o) Con- 
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(sp) Concentrated acids occaſion an effervel- 
cence. 
(x) Acid of ſugar precipitates lime quickly and 
' copioully. 
(ex) Salited terra ponderoſa indicates vitriolic 
acid, for a ſpathum ponderoſum precipitates. | 
(6). Salited lime occaſions a gypſeous precipi- | 
tate, which after 24 hours becomes viſible. | 
(u) Alum is decompoſed, even after the lime 
is ſeparated ; this effect is therefore e by 
the acrated magneſia. 
0) Solution of filver occaſions 2 milky Wann. 
neſs. 
(x) Solution of mercury, made without heat, 
_ occaſions a whitiſh yellow precipitate ; that made 
with heat, exhibits a more copious ſediment, of a 
deeper yellow; in both caſes, if the ſolution be 
gently dropped in, and the water ſuffered to ſtand 
quiet, a white cloud is ſuſpended over the bottom 
of the veſſel, which indicates a falited mercury. 
(1) Corrofive fublimate after 24 hours produ- 
ces an ochry precipitate, ſoluble in vitriolic acid; 
Pyrmont water, much evaporated, depoſits a white 
powder, upon the addition of corrofive ſublimate. 
(4) Acetated lead yields a white powder, great 
| port of which reſiſts the action of vinegar. 
(*) Martial vitriol yields at once a white pre- 
eipitate, which grows yellow, though lowly, 


5 XIII. 
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1 x11. Specific Gravity of Poul Water. | 


The ſpecific gravity of Pyrmont water is found, 
in a moderate heat, to be 1, 0024; the weight, 


therefore, of one kanne is 42, 351 grains; but as 
the water of the reſiduum is 364, and the weight of 


go cubic inches of atmoſpheric acid is 45514242 50 


+ 45 = 5; the difference by which 
the weight of a kanne, computed by its ſpecific 


gravity, exceeds the weight deduced. from the 
| Df ance = contents. + *© 


. Be * 


[ XIV. Compariſon of the Waters above ex- - 


- 4 amined. 


That we may bare in one e view, che 
contents of all theſe waters, we ſhall ſet the whole 


in order in the following F 
e 
«| | 
TABLE 
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Vitriolated lime, 


Vitriolated "= — " 


Salited magneſia, — 
Aerated mineral alkali, — — FR 
Salited mineral alkali, — — — 
Atrated 1 iron, — 3 5 
Sum total, 


TABLE of CONTENTS of the Cold Medicated Waters, 


Aerated lime, — 


Aerated magneſia, 


Greateſt quantity of dern acid, in cubic inches, 
Pure air, 


Specific gravity, | 


DON ] , 
1 


* 


E 


1 ho a 3 * 


in Grains. 
Seydſchutz. | Seltzer. | Spa. Pyrmont. 
4% 17 | 8 20 
245}. — — 38% 
12% 291 2420 45 
1 = 8 
; 214 
N PEG 24 N 8 * 
— 1094 8 7 
| — — 1 1 
ES 37 
| 9224] 180 41% 1384 
4 60 45] 92 
2 I | 
1,0060 | 1,0027 | 1,0010 | 1,0024 
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35 xy. eee concerning the Way in which 


Nature prepares theſe Waters. _ 


44% 


Renk the waters now examined, the Seydl. | 
chutz contains ſcarcely more aerial acid than com- 


mon fountain water: to account, therefore, for 
the origin of this water, ſuch a ſituation of its 


channels as may conduct it through ſtrata of ae- 
rated lime, &c. is ſufficient; and theſe ftrata are 


found in many places ; the water paſſing through 


_ theſe by degrees takes up the ee wen] is 


found in it as above. 

The three others poſſeſs fo large a Aae of 
aerial acid, that they could not have received it 
from the atmoſphere. This elaſtic vapour is a- 


bundantly extricated in three different ways (on. 


Aerial Acid, f 11.) namely, by fermentation, by 


fire, and by the action of a more powerful acid: 


the firſt of theſe can ſcarcely be ſuppoſed to take 
place in the bowels of the earth; but I fee no 


reaſon why the other two may not operate, either 


jointly or ſeparately :—Thus ſubterranean fire ex- 
pels the aerial acid from calctreous earth, and 
{ſtill more readily from magneſia; and it is the 
more readily abſorbed by the water which it 
meets with, in proportion as that water is the 
more divided into channels, as it is the more cold, 
and che more compreſſed by the ſubtile claſtic 
fluid. Nor is the third method attended with any 

Wh ee. R difficulty; 
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difficulty} for although, on the ſurface of the 
earth, water ſcarcely ever contains, an uncombi- 
ned mineral acid, yet in the boſom of the earth, 


the vitriolic acid muſt be often ſet free by the de - 


flagration of ſulphur; and perhaps the marine 


| acid may be extricated from ſalited lime and mag- 


neſia by ſubterraneous fire. We ſhall ſoon ſee 
the effects of earthy and metallic ſalts, when de- 
compoſed by mineral alkali or alkaline earths. 

Let us firſt conſider the Seltzer water; and be · 
gin by enquiring whether it owes its aerial acid 
(which is the chief point in queſtion, the other 
ingredients being found in the boſom of the earth) 
to the decompoſition of middle falts by an alkali; 


or to alkalis directly diſſolved in acids; or, finally, 


to the extrication of that elaſtic fluid by ſubterra- 
neous heat alone. 

To examine the firſt ſuppoſitian, let us ſuppoſe 
that water loaded with falited lime and magneſia 
meets with an aerated alkali; now a kanne of 
Seltzer water contains 109+ grains of common 
ſalt, in which there are about 46 of pure mineral 
alkali; and theſe require about 37 of aerial acid to 
ſaturate them ; that is, 74 cubic inches, becauſe 

each cubic inch weighs about half a grain: but 
45 grains of pure lime may be precipitated by 
that quantity of alkaline falt ; and theſe immediate- 

ly abſorb about 28 grains of acrial acid. In the 
fame manner, by an equal quantity, upwards of 
35 grains of pure magneſia are precipitated ; and 
this 


© 


# 
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this quantity, in precipitating, carries along with 

It at leaſt 19% grains of aerial acid. Making a 
Calculation, therefore, it appears, that in the firſt 
eaſe there only remain to ſaturate the water 37— 
28 9 grains = 18 cubic inches of aerial acid, 
which is not ſufficient for the purpoſe (4 xiv); _ 
and in the caſe of the magneſia 37 — 19+ = 17% 
grains = 35 cubic inches ; a quantity far too ſmall 

($ x1v). The common falt, therefore, which is 
preſent in Seltzer water, does not ſeem to origi- 
nate in this way, ſuppoſing that the water at 
once receives the 60 cubic inches of aerial acid; 
but if the water contains ſo much marine acid as 
is ſufficient for the immediate production of 109 
grains of common ſalt, the end will be completely 
obtained, as all the 74 cubic inches can without 
diminution be applied to that purpoſe. There is no 
doubt but this may take place, if the aerial acid 
be expelled by fire. We now proceed to conſider 
the two martial waters. 

Pyrmont water contains 7 grains of common | 
falt in a kanne; which, if we fuppoſe them gene- 
rated from ſalited magneſta, precipitated by mine- 
ral alkali, will give ſcarce more than 3 cubic 
inches for aerating the water. The vitriolated 
lime and magneſia are of no uſe in this proceſs, 
_ unleſs generated in the water itſelf, either by 
means of a diſengaged vitriolie acid, or, as is 
more N by the decompolition of martial 


vitriol. 
R 2 5 
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A kannt of Pyrmont water .containg: 38+ grains 


of gypſum, and 25 ot. vitriolated magneſia: theſe 
two /alts together contain about as much vitriolic 


acid as 67 grains of cryſtallized green vitriol, Let 
us then ſuppoſe, that water, impregnated with 
this quantity of vitriol, meets with 20; grains of 
ac rated lime, and about 1: grains of acrated mag - 


neſia, and the above-mentioned ſalts will appear; 


and during this operation the former baſe gives 


out 16+ cubic inches of aerial acid, and the latter 


6; but 22 cubic inches ſcarce amount to a fourth 
part of the neceflary bulk, even adding 7. which 


are got from the common ſalt, ſuppoſing it to be 


generated in the water; — a great deficiency, 


therefore, ſtill remains, ſo that we muſt try ano- 
ther method. 


Let us ſuppoſe a 3 of water ; loaded: with 
256 grains of vitriol (which is by no means extra- 
vagant, as that quantity of water can take up up- 
wards of 6, ooo grains) meets with 235 grains of 
acrated lime; in this caſe not only 400 cubic 
inches of acrial acid will be extricated, but enough 
of the iron and gypſum will be diffolved to ſatu- 
rate the water. thus, then, by the addition of 
25 grains of vitriolated magneſia, we have a com- 
plete, Pyrmont water. 7 

It is otherwiſe with the Spa wawe—abip4 is very 


1 poor with reſpect to the quantity of ſaline con- 
ttents; and, with regard to the nature of theſe 


ſalts, is ſuch, as to require a. quantity of aerial 


Fs 8 4 f a : acid, 


* 
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acid, that has been extricated externally ;—in 
this water, beſides the mineral alkali, lime, mag- 
neſia, and iron, (all of which are united with ae- 
rial acid), there is nothing contained, except a 
ſingle grain of common falt—hence it is plain, 
that this water cannot be aerated, either by the 
ſaturation of marine acid, or by The decompoſi- 
tion of middle ſalts in the water itſelf. Now, in 
the neighbourhood of Spa there are no veſtiges 
of ſubterraneous fire; how then does the water 
acquire the aerial acid in the boſom of the earth? 
We firſt obſerve, that veſtiges of ſubterranean 
fire, once abundantly manifeſt, are by lapſe of 
time often ſo defaced, as to be ſcarcely diſcern- 
| ible; beſides, a degree of ſubterraneous fire, ſuf- 
ficient to extricate this ſubtile acid, may eafily 
exiſt, without producing earthquakes or eruptions 
of any kind, and that for any length of time, 
provided the cauſes be fo tempered that the effects 
may remain the ſame; neither is it neceſſary that 
the efficient cauſe ſhould be in the neighbourhood, 
for the ſuperficial ſtrata of this globe are perfora- 
ted in almoſt every direction, ſo that the elaſtic 
fluid may come through a variety of channels, from 
places very remote. ln the preſent inſtance it ap- 
| pears, that the aerial acid muſt have paſſed through 
a length of way, as it is found to have depoſited 
all its heat; but martial vitriol alone, diſſolved in 
water, and penetrating ſtrata, which contain ei- 
ther RE ſalts, lime, or magneſia, may, by 
R 3 decom- 
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decompoſition, extricate a ſufficient! quantity of 
aerial acid; which being conducted to a great di- 
| ſtance from the place of its origin, may be ſo uni- 
ted with water, that ſuch water ſhall not exhibit 
the lighteſt marks of thoſe ſubſtances winch con- 
tributed to its impregnation. 

I have ſometimes found a ſmall portion "of gyp- 
ſum in Spa water, in the quantity of about one 
grain to a kanne; but how can this be, if we 
ſuppoſe a diſengaged mineral alkali (or rather an 
alkali only, united with aerial acid) to be preſent, 
as ſuch an alkali attracts the vitriolic acid more 
powerfully than lime does? We may obſerve 
firſt, that there is only ++ of a grain of gypſum 
in a cubic inch of water; and of the mineral al.. 
kali, no more than , of a grain; for the combi. 
nation of mineral alkali and aerial acid is not ſpon- 
tancouſly decompoſed : ſubſtances, therefore, 
which are ſo thinly ſcattered through the water, 
may reaſonably be ſuppoſed to act very ſlowly up- 
on each other, eſpecially as the alkali, when aera- 
ted, is very inactive. An example will ſhew how 
the activity of ſubſtances is repreſſed by aerial 
acid: —let vitriolated magneſia be diſſolved in 
water; drop in a little lime- water, and inſtantly 
the magneſia falls to the bottom, having yielded 
its acid to the lime; but if pieces of chalk or cal- 
careous ſpar be put into the ſolution, no decom - 
_ Poſition can be produced, even by boiling: hence 


\ 
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we ſee how, in Seydſchutz water, vitriolated mag- 


neſia may exiſt, together with aerated lime. 

Beſides, moſt commonly, there is no gypſum 
found in Spa water: whether this happens be- 
cauſe the water is taken from different ſprings, or 


whether the number of principles is not always 


the ſame in the ſame ſpring, I have no doubt but 


that the proportion of the ingredients does fre- 


quently vary, and I am confirmed in this opinion 
by experience, and the nature of the thing itſelf. 


Sxvi. Hhether the Waters abode evaded 


be imitable by Art. 


The completion of any analyſis can by no othet 
means be ſo clearly evinced as by producing ſyn- 


thetically a perfect imitation of the thing analy- | 


ſed ; as it thence appears that we have not only 


diſcovered the primary principles, but alſo the 


true method of uniting them. We are now to 
try what can be done in the preſent caſe. From 
what has been ſaid, it appears, that the art of 
preparing medicated waters comprehends two 


circumſtances of moment; firſt, it is requiſite . 


that water, pure, and totally deſtitute of every 
ſort of taſte, be as it were vivified by aerial acid, 
which conſtitutes the genuine mineral ſpirit as it 


is called; by this the water acquires a grateful, ' 


ſubtile, penctrating taſte, together with ſingular 


virtues z but the efficacy of this acid muſt de ſe- 


„ ; _ 
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conded by other grofſer ſubſtances, which deter- 
mine the peculiar nature of the water; ſo that 


one ſhall reſemble Seltzer, another Spa, and a 
thitd Pyrmont water; — the firſt of theſe differs 
much from the other two in its nature and pro- 
perties, nor do the two chalybeate waters altoge- 
ther agree. It is not therefore ſufficient, for the 
 Hmitation-of theſe mineral waters, to be acquaint- 
ed with the method of impregnating water with 
aerial acid: the principles proper to each, from 
whence their ſpecific virtue and efficacy is derived, 
mult alfo be accurately underſtood. 

Many perſons are firmly perſuaded, that in che 


a production of medicated waters, there 
takes place a certain degree of fermentation, as - 
they are pleaſed to call it, which can never be imi- 


tated by art: but thoſe who are well acquainted 
with the ſubject are of a very different opinion. 
The queſtion is entirely reducible to this, viz. to 
diſcover accurately the heterogeneous contents of 
thoſe waters, and to unite thoſe heterogeneous 
matters with pure water. It can be of little con- 
ſequence whether the water diſperſed through the 
bowels of the earth, by paſſing through certain 
ſtrata extract certain materials, or whether thoſe 
very materials be artificially added in proper quan- 
tity: — the hand that ſupplies the een can 
* no difference in the . 
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* XVII. The Method if ig Water. 


The molt Gale method is that which Vendl 
has employed, and I believe is the ſame as that 
frequently employed by nature for the ſame pury 
poſe (S xv1.): but in order to generate in water 
the proper neutral or middle ſalts, a more labori- 
ous and cautious management is neceſſary; as we 
are not in poſſeſſion of an eaſy and commodious 
method of meaſuring either the ſtrength of the 
menſtrua, or the quantities neceſſary for ſaturating 
them. — The following is the method which I at 
firſt employed: | 
AB is a glaſs veſlel, feta (fig ii.) more 
than half filled with water, and chalk coarſely pow- 
dered; the tube 4 c b is ſo fitted to the mouth 
of the bottle, that not the leaſt air can eſcape, 
The tube x, in the ſide of the bottle, is accurate- 
ly cloſed by the ſtopper #, as ſoon as ſome drops 
of vitriolic acid have been poured in: this acid, 
as ſoon as it falls, begins to expel the weaker ac- 
rial acid from the chalk; which, riſing in the form 
of an elaſtic fluid, is conducted by the tube to the 
bottom of the water in the veſſel -@ U: this veſſel 
is choſen long and narrow, that the aerial acid 
may be more completely abſorbed in its paſſage 
through the water. A wet bladder is tied round 
the neck of the bottle 6 H, and the tube, ſo as to 
n the aerial acid, which would otherwiſe e- 
F ſcape : , 
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ſcape : this refiſtance, however, muſt not be too 
great, as in that caſe no aerial acid will be produ- 
ced, (on Aerial Acid, F 11.). The eſcape of the 
aerial acid may therefore be regulated by a pin- 
hole in the bladder ; as ſoon as the efferveſcence 
ceaſes, more acid is to be poured in, through the 
tube, and this repeated until the water has recei- 
ved the proper quantity of aerial acid, which may 
be determined by the taſte, or more accurately 
by tincture of turnſole. In this manner I firſt pre- 
pared acrated water; but it may be done much 
more commodiouſly by the funnel o, which, ac- 
cording to Mr Lavoiſier's method, is ſo ſhut by 
the glaſs rod v, that the vitriolic acid falls down 
. pontaneouſly and gradually. I ſometimes have 
employed a ſmall fermenting maſs (fig. vii. tab. 2.), 
and that with the beſt ſucceſs; but after l had 
| learned, from the wruings of Dr Prieſtly, the ad- 
_ . vantage ariſing from agitating the water, 1 
this purpoſe in two more eaſy ways. | 
(4) Fig. iv. will explain the firſt of theſe me- 
> thods better than any verbal deſcription. a B is 
' a glaſs bottle, fitted with a lateral tube, and a 
glaſs ſtopper; in this bottle an efferveſcence is 
produced by means of chalk and vitriolic acid : 
x is a common glaſs bottle, filled with the pureſt 
water, and then ſtopped by a cork, ſo cloſely that 
it cannot admit any air; it is then inverted, and 
ſet in a groove, cut in the board & x, laid acroſs 
* H 1, filled with water; the cork is then 
| taken 
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taken out, 0 i acid ee baht 


triolic is conducted into the bottle by the tube 
ACD: the glaſs tube LN o paſſes through the 
cork: PQ is alſo made of glaſs, and is fitted to 
the former by the intervention of the tube o x, 
which is made of elaſtic reſin, and tied to both, 
(this might be made of flexible leather, but where 
the ſides croſs, it muſt be ſewed only half through, 
otherwiſe the air will eſcape through the holes 
made by the needle): the joint o v is made flex- 
ible, that the bottle a 8 may be ſhaken, by which 
the extrication of aerial acid is much expedited ; 
but this muſt be done gently, leſt ſome of the 
chalk ſhould enter the tube a c, and mix with the 
water. For the ſame reaſon, only a ſmall quantity 
_ of vitriolic acid is to be added at one time; for if 
too much be added, ſo violent an efferveſcence 
will be occaſioned, as to carry over into the tube 
a quantity of the chalk : it is neceſſary to obſerve, 
that not the ſmalleſt cranny ſhould be left open for 
the eſcape of acrial acid; therefore the ſtopper of 
the lateral tube muſt be cloſely fitted, and every 
part about the neck of the bottle 4 B, and tube, 
completely ſhut up: the extremity & may be eaſily _ 
put in and taken out of the bottle, by the —_ ; 
. fig. vi. 
9 1 — apparatus being prepared, 11 impregnate 
the water in the following manner :— fill the 
bottle ſomewhat more than half with aerial acid; 
this being done, I let fall to the bottom of the 


veſſel 
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veſlel the Buden x; I then cautiouſly remove the 
bottle from the groove in the board, keeping its 


mouth ſtill under the ſurface of the water, and 


ſetting its mouth upon the ſaucer x, I agitate it 


violently for ſome minutes: during this operation 


the empty ſpace in the bottle diminiſhes, the wa- 


ter, by agitation, preſenting a larger ſurface of 


contact to the aerial acid, which is therefore more 
readily abſorbed ;_ the bottle, however, cannot be 


entirely filled the firſt time, as ſome portion of 
common air remains, which will not unite with 


water; I therefore cork the bottle under the ſur- 
face of the water, turn it up, and fill the .empty 


ſpace with water; I again invert the bottle in the = 
water, half fill it again with aerial acid, agitate it 


as before, and then generally obtain it full. As 
the water expelled from the bottle is diluted with 
that in the diſh, it is neceſſarily the leſs impregna- 
ted when it re-enters the bottle. If, therefore, 
the water is to be ſaturated, in which proceſs it 


takes up nearly its own bulk, (on Aerial Acid, 
IV.), the above-mentioned operation muſt be re- 


peated a third time; and hence may eaſily be de- 
duced-a method of impregnating water in * gi 
ven leſſer proportion. 

It is in general to be obſerved, that che colder 
water is, the more aerial acid will it abſorb ; there- 


fore this operation ſhould be performed in a cool 


place, and. the body cf the bonne handled as lle 
as may be. 
3 | 


— 


wy ** 
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I make ah occaſionally of bottles of different 
ho generally ſuch as contain half a kanne, but 
ſometimes (for expedition ſake) thoſe of a, 3, or 4 
Kkannes; but the larger are both inconvenient, on 
account of their weight, and ate liable either to be 
broken themſelves or to break the Ar 0 
handled with caution. 
By this method a bottle of, water may 1 ; 
rated in about ten minutes: if the bottle, half 
filled with aerial acid, be ſuffered to ſtand invert- 
ed upon the board, the water will, in a cool place, 
riſe ſpontaneouſly without any agitation; but this ; 
will happen flowly, as before obſerved. ' _ 

() The other method is much more eaſy, and 
Inptewnabl a large quantity at one time, but is 
attended with this inconvenience, that it requires 
a very large fermenting maſs : when this can be 
had, let a veſſel be prepared, ſimilar to that in 
which the maſs is ſet to ferment, but of ſmaller 
diameter, ſo that the veſſel which holds the fer- 
menting maſs may contain it; let its height be ſo 
adjuſted to the empty ſpace in the larger veſſel, 
that when the bottom of the leſſer touches the fer- 
menting maſs, its upper edge may ſtand three or 
four inches at leaſt beneath the Aer _ of the 
larger veſlel.” l. 

In the middle of this veſſel, en axis be ls p 
ed perpendicularly, ſo that, by means of an handle, 
it may be turned round horizontally ; let there be 
. three or four wooden plates, 


ſome 
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ſome inches broad, at ſeveral diſtances from the 
bottom; theſe muſt be ſhorter than the diameter 
of the veſſel, with the plane of their ſurfaces in- 
clined to the horizon in an angle of about 450. 
The veſſel being then filled with cold water, and 
ſuſpended over the fermenting maſs, ſo as nearly to 
touch its ſurface, let the axis be turned round, and 
it will give a circular motion to the water; ſo that 
by enlarging and continually changing the ſurface, 
the aerial acid is very quickly abſorbed —Thus a 
very large quantity of water may be completely | 
e in a ſingle minute. 


8 xv III. Obſervations concerning the Addition 
of the, Salts. 


Tue water being ſufficiently grand! with 

aerial acid, and poured into bottles, the materials 
determining the particular ſpecies are next to be 
added : what theſe are, and in what quantity. they 
are to be employed, will appear from the forego- 
ing analyſis. The mineral alkali, and the other 
falts, ſhould be choſen pure and newly cryſtallized 
— the earths in a cryſtalline form, fully ſaturated 
with aerial acid, and reduced to a very fine pow- 
der; for otherwiſe they diſſolve flowly : iron is to 
de employed, in the form of freſh filings tied in 
a linen cloth, or that of a plate of convenient 
form, with a ſmooth and poliſhed ſurface :- the 


cloth 2 rat be ſuſpended in the water, to 
promote 


—4 
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— the ſolution ; the bottle is then to be well 
cloſed, inverted, and ſet in a cool place for ſome 
days. In that ſpace of time the water takes up 
the ſalts, and, by means of the aerial acid, not 
only diſſolves the lime, but alſo a ſmall portion of 
the iron. I know that the celebrated Monnet 
contends, that water can, by itſelf, take up iron; 
dut common water always contains ſome aerial 
acid ; and when that is expelled, not the ſmalleſt 
particle of iron is taken up by it, except that ſpe- 
cies which, when red ente eee — | 
always contains ſome vitriolic acid. N 
Ĩ he ſame filings will ſerve repeatedly, "rovided 
the doth, when taken out of the impregnated wa- 
ter, be plunged into cold water, and ſuffered to 
remain there until uſed again ; for when expoſed 
to the air, it contracts ruſt, and thereby becomes 
- inſoluble : for the ſame reaſon, the ſurface of the 


| 4 | | 
cauſe of this fault in iron: but it was not founded on any 
accurate experiments; and when Profeſſor Bergman came 

to inveſtigate je himſelf, (de Analyſi Ferri, f vii.) , 
he could no veſtiges of vitriolic acid, by means of 
any teſt. «experiments lead him to impute this defe& 
to ſome depravation of the inflammabk principle. Hot- 
| ſhort iron (calidum fragile.) affords inflammable air, which, 
when fired, ſhews phenomena different from that which is 
obtained from other iran: it has a peculiar ſmell, approach- 


ing to an empyreuma, and, when forged, emits more 
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plate muſt be polillied — as often as itloſes its 


i poo end 6 banal 
By the method juſt b are obo: 


N = agreeing both in flavour and virtue with thoſe 


brought from foreign countries; but as ſome of 

the ſubſtanees contained are juſtly eſteemed of a 
ſuſpicious nature, L am of opinion that they ſhould 
by all means be umitted: theſe are the calcarcous 
and gypſeous matters; and I am perſuaded that 
no perſon will imagine that chalk or gypſum can 


contribute to the ſalubrity of waters; but that, on 
the contrary, they may give occaſion to grievous 


obſtructions. The Pyrmont water contains theſe 
ſubſtances in conſiderable quantity, and for that 
reaſon is hurtful to many conſtitutions : for twelve 


kannes of this water (which is the quantity uſually 


taken in twenty-four days) contain half an ounce 
af acrated lime, and an ounce and a half of gyp- 


ſum-a load which few ſtomachs are able to bear. 


As to the magneſia, I do not indeed conſider 


it as noxious z but as it diſſolves ſlowly, and what- 
ever effect it has may be eaſily fapplied in another 


way, I omit it; eſpecially as experience ſhews that 
the waters thus corrected are equal, if not ſupe- 
rior, both in taſte and virtue, to the natural wa- 
ters.—1 generally make uſe of water fully 1 _—_ 
— with aerial acid. 
The imported waters which habe: been exami- 
ned have no doubt ſuffered ſome change during 
0 e experienced Seip relates „ that 


a 


Reg 


— 
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 phlogiſticated vitriolie acid, and a true ſulphur, 


may be extracted from the vitriolated magneſia of 
Pyrmont water, by diſtillation, without any addi- 
tion. In order to obtain half a pound of this vi- 
triolated magnefia (which is neceffary for his ex- 
periment) we muſt evaporate upwards of 115 
kannes of the water, which I have never had an 
opportunity of doing ;—I have, however, tried 
ſmaller quantities, but never could difcover the 
ſmalleſt particle of the ſubſtances he mentions := 
perhaps the magneſia which is united with phlo- 
giſticated vitriolic acid in the freſh water, loſes 
the inflammable principle during the voyage; fo 
that, on its arrival in Sweden, it retains little or 
none of it; in the ſame manner as the ſulphurated 
falt of Stahl changes by time into vitriolated vege- 
table alkali; This ingenious philoſopher (Seip) 
to whom the aerial acid was unknown, contends; 
that the phlogiſticated vitriolie aeid is the true mi- 
neral ſpirit; that it adheres to the iron in Pyrmont 
water until expoſed to the air; and that then, by 
means of a ſttotiger elective attraction, it ſeizes the 
magneſia, which it was not able to do in the cloſe 
and*confined ſubterraneous paſſages. his expla- 
nation, though approved of by many, is found, up- 
on examination, to be quite contradiQtory to fact; 
—for, let us ſuppoſe the water loaded with a 
quantity of vitriol ſufficient to generate 25 grains 
of vitriolated magneſia, that is, containing 21 
grains of martial vittiot in three cubic inches of 
Vor. I. I diſtilled 
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diſtilled water; let this water be put into a bottle 
of ſuch a ſize that it will be quite filled by the ad- 
dition of 10 grains and an half of magneſia, and 
let the bottle be then cloſely ſtopped ; let this bot- 


tle be ſhaken from time to time, the magneſia will 


quickly diſappear, and in its place will be found 
a large quantity of ochre, of a greeniſh colour, as 
containing both aerial acid and a conſiderable por - 
tion of phlogiſton; and all this takes place with- 
out any motion or efferveſcence: in the ſpace of 


about an hour the water is found totally void of 


vitriol, loaded with 25 grains of vitriolated mag - 
neſia, ſaturated with aerial acid, and containing 


an acrated iron: — the reaſon of this is evident, | 


104 grains of magneſia contain about 3 cubic 
inches of aerial acid, which an equal bulk of wa- 
ter is able to abſorb; no ſuch obſtacle therefore 
occurs in this caſe, much leſs in a whole kanne of 
water, as I have elſewhere mentioned. In the 
ſame inſtant, then, that the vitriolic acid expels 
the aerial, the water abſorbs it. The quantity of 
vitriol employed contains above 42 grains of iron 
ſlightly calcined; now, 100 cubic inches of aera- 
ted water can only take up 3: grains, ſo that 3 cu» 
bic inches of water can ſcarcely diſſolve more 


than 434+, The bottle being opened, the vitrio- 


lated magneſia may ſoon be ſeparated by alcohol ; 
and this is the caſe in Pyrmont water; the phlo- 
giſticated, as well as the common vitriolic acid, 


nen . aerial acid from magneſia.— All this 
hypotheſis, | 
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hypotheſis, therefore, falls to the ground, being 
void of foundation; and Pyrmont water, ex 
ſed to the air, grows turbid, and loſes its virt 
not on account of any tranſpoſition of its princi- 
_ ples, but on account of the Spain of the vor 
latile menſtruum. 


In the dry way, vitriolic acid with $f wa 
generates ſulphur z but whence can ſo much phlo- 


giſton be joined with the vitriolated magneſia in 


Pyrmont water 7—if the ſeparated iron ſtill re- 
mains mixed with it, the -difficulty is eaſily re- 5 


moved, as this metal, when flightly calcined, ſtill 
retains much phlogiſton: if, after the removal of 
the iron, ſulphur is produced, the eauſe of this 
phænomenon, being obſcure, ſhould be examined 
in the —y where the water is produced. 


s xx. 7 he Preparation of artificial medicated. 


Mater in Sweden, 


In the year 1740, being attacked by a ſevere 
- Hiemorrhoidal colic, 1 was obliged to take above 
eighty bottles of foreign medicated waters. By 
theſe the ſymptoms, which were attended with 


excruciating pain, were ſomewhat mitigated; in 


the mean time I examined the nature and princi- 
ples of theſe waters with the greateſt attention, as 

I moſt earneſtly wiſhed to be able to imitate them 
perfectly; for beſides their extreme dearneſs in 


this ag mat in the beginning of ſpring, when 
; 8 2 n not 
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not only diſeaſes, the foundations of which have 
been laid during the ſeverity of the winter, pre- 
vail very much, but my complaints are alſo par- 
ticularly troubleſome, theſe waters cannot be bad 
freſh and good at any price. ſoon: reaped. the 
-- wiſhed-for fruit of my labours, for in the year fol- 
lowing I ſubſtituted the artificial to the natural 
waters, and not only uſed them myſelf with ſig- 
nal advantage, but gave them to many of my 
friends with the like ſucceſs. All that time I uſed 
the method above deſcribed for impregnating wa- 
ter with fixed air; but, in the year 1773, I learn» ' 
ed Dr Prieſtly's method, which, with a little al- 
teration, I have fince continued to practiſe. The 
fame year, in a ſhort Treatiſe on the Aerial Acid, 
which the Royal Academy of Sciences at Stock- 
holm inſerted in their Acts, 1 mentioned in a cur- 
ſory way that I had for ſome time prepared for 
myſelf and ſome of my friends artificial medicated 
waters, entirely reſembling . the natural waters, 
both in flavour and virtue, —The-celebrated Baer, 
who then lived at Paris, took that opportunity of 
writing to my friend Mr Wargentin, requeſting 
me to deſcribe the method 1 purfued;—This I 
complied with, by ſending a Treatiſe on that ſub- 
ject to the Royal Academy of Sciences at Stock - 
holm in 1774, which they inſerted in their Acts 
or the following year. 
From tlie very nature of the thing it wad he ; 
: iid that an invention of this kind, however 
29 F —_ f | uſeful, 


. ˙ ˙:A! 7˙¹wꝛwm EE TIGER 8 
* : — EF * © hg 1 1 * * 11 r , : 
WC” ann em 2 We gen r 


OF COLD MEDICATED WATERS, 299 


Uſeful, cannot poſſibly be univerſally pleaſing.— 
Many who are incapable of aſcertaining or judg- 
ing of the truth, will diſtruſt it, not without rea- 
ſon, on account of its novelty; many contend, 
that to imitate nature is impoſſible, without con- 
fidering, that when the component parts are tho- 


roughly known, the ſucceſs of the proceſs cannot 


in any degree depend upon the hand which com- 


bines them.—Some who preſcribe, and others 


| who fell the foreign waters, condemn the artificial, 


for obvious reaſons; and not a few are urged by 
motives too trivial to be detailed. Beſides, the 


negligence of inexperienced operators or impure 
materials, may eafily defeat the whole operation. 

The water itfelf, if it has any offenſive" taſte, will 
retain it after the proceſs, and by that means bring 


the invention into diſrepute. Thoſe that are pre- 


pared in the very beſt manner, nay, the natural 
waters themſelves, grow vapid on the addition of 
a ſmall quantity of mineral alkali, though they ſtill 


retain uſeful properties, only the pungency of tle. 


aerial acid is in this cafe repreſſed. 


All theſe obſtacles, however, have not prevent. 


ed the preparation and ſucceſsful uſe of artificial 
medicated waters, even in the moſt diſtant pro- - 


vinces of Sweden; and the uſe of ſuch waters has 
_ prevailed generally, although 1 only propoſed them, 
in caſes of neceſſity, where the natural waters 
could not be had: and even thoſe who at firſt 

„ a "could 
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could: not patiently hear them mentioned, now: 
make uſe of them, and highly commend them. 

In general they produce the ſame good ef - 
fects as the natural waters, and in ſome inſtan · 
ces even ſeem to excel them: my own health, 
though not perfectly eſtabliſhed, has, from the 
ſole uſe of them, been reſtored beyond expecta- 
tion. Every year, about the middle of winter, 
the beginning of ſummer, and in autumn, I uſe 
about ſeven kannes in the ſpace of three weeks, 
and that in the following manner: !l firſt drink a 
few kannes of Seltzer water, I then uſe the Spa, 
which, with reſpe& to the uncombined alkali, 
moſt nearly reſembles the Seltzer, and I always 
finiſh with the Pyrmont; I take no more than the 
third part of a kanne every day, as, by the expe- 
rience of ſeveral years, I have found that a larger 
quantity is diſagreeable to my ſtomach. _ 

I have alſo ſeen, with great pleaſure, many 
other complaints either entirely removed, ar at 
leaſt alleviated, by theſe means. A circumſtance, 
which afforded me ſingular pleaſure, as I had very 
anxiouſly wiſhed to ſucceed in this experiment :— 
a boy of ſeven years old, at Upſal, had for ſome 
time been afflited by a violent gout, which had 
baffled all remedy ; in the year 1775, he uſed for 
a month the Seltzer water, prepared for him by 
his father, according to* my inſtruQtions, and 
ſoon recovered perfect health, which he enjoys to. 
this day # 

A 
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WA young gentleman, a ſtudent, about 23 years 


old, was ſo afflicted by the gout, that he could 
not, even by the help of a ſtick, move from one 


ſeat to another: he began the uſe of the artificial 
waters, firſt Seltzer, then Pyrmont, and recover- 
ed in the ſpace of one month. CY 

- Beſides, the intermittent fevers, which for * 


time paſt were epidemic in Sweden, were fo ob- 
ſtinate, that they refuſed to yield either to Peru- 


vian bark, or the other uſual remedies, but were 
ſoon removed by the artificial waters, particularly 
Seltzer, unleſs the cute was impeded by errors in 
diet. | | Ty 

I paſs over innumerable other examples, which, 
indeed, encreaſe daily, and would require a par- 


ticular deſcription ; but I cannot avoid here men- 


tioning a ſingular phanomenon :—the hæmor- 


rhoids, with which I am afflited, break ſponta- 5 


neouſly, while I am in health, generally every 
2eth day, but only diſcharge a few drops; they 
are, however, often ſtopped, eſpecially at the ap- 
proach of cold weather, and then occaſion a num- 
ber of diſtreſſing ſymptoms: to remedy theſe I 
find nothing ſo effectual as drinking the artificial 
Seltzer. water; and in the courſe of eight years, 
during which I have been uſing it, it never 
failed me once; the effect is, to open the he- 
morrhoids within ſix days, ſometimes on the third 
or fourth, upon which I immediately find relief. 
leave to the ſkilful in medicine the explanation 
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of this phenomenon, which I have obſeryved not 
only in myſelf, but in many others affected in the 
fame way, to whom 1 recommended it to pay 
ſome attention to this circumſtance. Now, as 
the ſame effect in this caſe follows the uſe of the 
natural and the artificial Seltzer water, I cannot 
doubt of their identity, any more than of that of 
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HOT MEDICATED warkRS. 


$ 1. Different Species of Hot Waters. 


* 


HE benign care of our All- wile Creator has 


not only provided for man's uſe cold medi - 


cated waters, but many hot medicinal ſprings 
are found in various parts of our globe; and as 
the uſe of the former is found not to be reſtricted, 
but extenſive and widely diverſified, ſo in like 
manner the latter are endowed with a great num- 
ber of uſeful properties. Some of theſe hot wa- 
ters ſeem to poſſeſs no remarkable virtue with re- 
gard to the human body, while others quickly 
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diſpel a TY of Ulcales, in a very ſingular and 
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extraordinary manner. Water does not fan ca- 
pable of producing any notable effect upon the 
human body of itſelf; to this end it appears in- 
diſpenſably neceſſary that it ſhould be impregna- 
ted with a certain ſubtile and elaſtic aura, which, 
when extricated in the prime viz, is not only of 
itſelf able to effect ſalutary changes, but alſo ſo 
acuates, ſtrengthens, and as it were vivifies the 
heterogeneous matters contained in the water, that 
they can penetrate to parts they otherwiſe could 
not reach, and poſſeſs powers which alone they 
could never exert. That the aerial acid performs 
this office in the cold medicated waters is, I ima- 
gine, eſtabliſhed beyond doubt in the forego- 
ing Treatiſe ;—it remains now to be examined, 
whether the ſame fluid is contained in the hot 
waters, or whether they are aſſiſted by an elaſtic 

fluid of another kind. | 
When we examine the medicinal hot waters in 
general, we find a-remarkable difference obvious 
to the ſenſes: for ſome, ſuch as the Caroline baths 
in Bohemia, do not ſtrike the ſmell in any parti-. 
cular manner, and ſeem not to exhale any thing 
more than a moiſt and ſuffocating vapour ; others, 
ſuch as thoſe of Aix, diſperſe far and wide a moſt 
ſubtile, ungrateful, fœtid odour, reſembling that 
of putrid eggs, or more exactly that which is 
emitted by a ſolution of ſaline. hepar, eſpecially 
upon the addition of an acid. The former moſt 
certainly derive their efficacy from the acrial acid, 
and 
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and are therefore juſtly called aerated ; but the 
latter are of a. very different nature, and may, 
from their hepatic ſmell, not improperly be called 

| hepatiſated. The nature and properties of oth 
muſt be accurately examined, if we expect to at- 
tain any thing like exactneſs in the imitation of 

them. They both contain a principle ſo volatile 
that they loſe their chief virtue upon barely grow- 
ing cold; ſo that by no means yet known can 

they be ere into foreign countries, ſtill re- 
taining their virtue. This circumſtance has pre- 
yented me from examining theſe. hot waters my- 
ſelf : but ſo much as will be ſufficient for our pre- 
ſent purpoſe is to be found accurately inveſtigated, 
and clearly related, by the induſtry of others. 


12 § 11. Hot Aerated Waters. 


That the Caroline waters, and others of the 
fame ſort, abound with aerial acid, may be in- 
ferred from their taſte, and the quantity of 
bubbles which is occaſioned by agitating them : 
but other and more obvious criteria ſhew this evi- 
dently to be the caſe. This water tinges tincture 
of turnſole with a fugitive redneſs, and precipi- 
tates lime-water ; circumſtances which, though 
ſingly ambiguous, yet jointly are perfectly valid; 

— they are ambiguops ſingly, becauſe it is 
thought that other acids, beſides the aerial, may 
occaſion 
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otccaſion a fugitive redneſs (a); and the precipita· 


tion of lime-water is alſo occaſioned: by an aerated 


. alkali, which is ſuppoſed, according to the laws 


of traction, to yield its aerial acid to the pure 
lime, which therefore becomes aerated, and (6) 
precipitates ; but when theſe two circumſtances 
are taken together, they produce full conviction ; 


for the acrated alkali (c) cannot exiſt in water to- 


gether with any acid, except the aerial; beſides, 
the air Kntained i in theſe waters, when collected, 
not only produces the above-mentioned effects, 
but alſo ſuffocates animals, and is abſorbed by 
water, which thence becomes aerated. Indeed, 
the whole neighbourhood of theſe waters abounds 
ſo much with aerial acid, which breaks out in 
many places, that the rain and ſnow. water, from 


lying in cavities of the ground for a ſhort _ 
often acquire a grateful pungent acidity. 


Theſe waters, upon cooling, ſeparate boch 
lime and iron, aſter the manner of Pyrmont wa- 
ter, but much more quickly. We cannot won- 
der at the fugitive nature of the- virtues of theſe 


waters, when we confider how very volatile the 


acrial acid is, even when lodged in cold water, 
and how much its volatility is increaſed by heat. 
The exiſtence of aerated hot waters being eſta- 


(a) On Aerial Acid, 5 vi. l 
C) Ibid. { xx. B. | en 
(e) Analyſis of Waters, g y111. v. 


* 


bliſhed, we now go on to the other ſpecies, the 
_ elaſtic fluid of which, · though eaſily eee n 5 


An firity n much nn the aerial acid. 


AF 22 6 


g 111. Hot 222 Waters. 


The hot hepatiſated waters, although they my 
be aerated,” and actually often are ſo (as for in- 
{ſtance thoſe of Aix) may yet be eaſily diſtinguiſh- 
ed from the hot aerated waters, by the general 


tenor of their character, and their diſagreeable 


mmell: they have the ſmell of hepar ſulphuris, 
| and blacken ſilver, Nay, a genuine ſulphur is de- 
poſited: along the channels through which they 


paſs; and yet the molt accurate analyſis has not 


been able hitherto to diſcover in the water the 
moſt minute particle, either of hepar or of ſulphur 
— but chymiſtry is able to unfold this myſtery : 


for the ſaline hepar ſulphuris, upon the addition 


of a more powerfal acid, generates a ſpecies of 
air, which we may call hepatic air, if with Dr 
Prieſtly we give the name of air to every elaſtic 
fluid not condenſible by cold. Waters impreg- 
nated with this kind of air reſemble the hot hepa- 
tiſated waters: the hepatic ait, it is true, contains 
a ſulphur, but ſo expanded and ſubtilized as to 
eſcape the I, and put on the appearance of 
common air, A change ſuch as this can only be 


effected by the action of agents at once the moſt 


ſubtile and the moſt efficacious, and ſuch are 
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5 phlogiſton and the matter of heat. I know that 
many philoſophers of the firſt rank are of opinion, 0 


that the phænomena of fire and heat are to be 
explained upon the ſuppoſition of inteſtine motion 
in bodies; but, upon conſidering the whole at- 


- tentively, I am firmly perſuaded, and l believe the 


ſame is the caſe with others, that heat ariſes from 
the action of a diſtin and peculiar ſubſtance, 


Which is diſtributed through the whole corporeal 


world, and that in a twofold ſtate ; for, firſt, we 
conſider this matter as free, when, 'in form of: an 

elaſtic fluid continually tending to an equilibrium, 
it pervades all bodies denſe as well as rare. This, 
in proportion to its quantity, excites different de- 
grees of heat in animals, dilates and diſpoſes all 
bodies to fluidity, according to certain circum- 
ſtances thus platina, in order to be fuſed, re- 
quires it very highly concentrated, other metals 


leſs ſo; and mercury a quantity ſo ſmall that it is 


almoſt always preſent in the atmoſphere ;-1 fay, al- 
moſt always, as ſome late obſervations in Siberia 


ſhew that there mercury has been ſometimes con- 


gealed by natural cold: whether there can exiſt 
any ſuch ſtate as that of perfect privation of heat, 
or abſolute cold, is yet unknown. In ſuch a ſtate 
(ſuppoſing any ſuch to exiſt) if I miſtake not, the 
aerial acid itſelf muſt be congealed, as fluidity ap- 


pears to depend totally upon heat. | 
The matter of heat, like all other material ſub- 


as is nee to the law of attractions and 


hence 
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kince proceeds its Mas of union wh other bo- 
dies, a ſtate which inevitably occaſions many alte- 
rations in its nature and properties. By this tie 
ſome of its properties are obſcured; nay entirely 
obliterated, and new ones, before unknown, are 
produced; and in the ſame manner as an acid, 
when ſaturated with an alkali, cannot be diſtin- 
guiſhed either by precipitation, by its taſte, or by 
any other of its original properties, ſo the matter 
of heat loſes, together with its liberty, its chief 
property, viz. that of producing ſenſible heat; - 
this power muſt, however, be confidered as re- 

preſſed only, not deſtroyed ; for it is again reſto- 
red in full vigour,” when the bond of union which 
repreſſed it is broken. This may very clearly be 
illuſtrated by the example of water, which by a 
moderate privation of heat is converted into ice: 
now, if water heated to a determinate degree 
be poured on ſnow, we can, from the known heat 
of the two ingredients, eaſily determine what that 
of the mixture ought to be; but in the preſent. 
' inſtance, a deficiency is always obſerved ; that is, 
the heat of the mixture proves to be always leſs by 
about 729, than by calculation it ought to be. 
The reaſon ſeems to be this: the heat of the wa- 
ter penetrates the ſnow quickly, expands and ſe- 
parates the ſmall particles, and changes it from a 
ſolid to a fluid form: thus the diſunited particles 
have their ſurfaces much encreaſed. Now, water 
Attracts the matter of heat, and that the more 


largely 
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largely in proportion to the ſurface of contact; 
powerfully retains, and renders. latent, ſo that it 
can no longer occaſion ſenſible heat; and hence 
the deficiency of 72% This ſaturating portion of 
heat it does not loſe, except at the very point of 
congelation; which being then ſet free, occaſions 
a ſmall riſe of the thermometer, although it is 
aduickly and irregularly attracted on account of the 
> deficiency of the ſurrounding matter. As the de- 
gree of cold in the adjoining air increaſes,” and as; 
on account of its elaſtic nature, it conſtantly tends 
to an equilibrium, it at length is ſo much rarified, 
that the ſaturating. portion alone remains to pre- 
vent the contact of the watery particles; and when 
that alſo is taken away, all the mobility of the 
particles totally. ceaſes. Undoubtedly all ſubſtan- 
ces which are fuſible in fire fix a certain quantity 
of heat (the degree of which is yet undetermined} 
in the very inſtant when their particles acquire the 
due degree of mobility. On the other hand. 
W While the temperature of the water is increaſing, 
"0 the increaſed quantity of heat increafes the diſtance 
; of the minute particles, and generates elaſtic va- 
pours : at length, when the heat arrives to the 
boiling point, the watery particles are ſo expanded 
and changed, that their ſurfaces, being wonder- 
fully increaſed, are enabled to receive and fix a far 
greater quantity of heat than before ;—and hence 
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| Alles the cold, or diminution of heat, occaſioned. 
by evaporation. 

Bodies which contain the matter of heat font” 
when put into menſtrua fitted for diſſolving them, 
generate a degree of heat, greater or leſs, accor- 
ding to the quantity of latent heat ſet at liberty by 
the more powerful attraction of the menſtruum. 
Lime, newly burned and put into water, gene- 
rates a remarkable degree of heat, becauſe a great 
part of the heat which had been fixed by the cal- 
careous earth is ſet at liberty by means of the wa- 
ter, which is more powerfully attracted by it. 
| That portion of the matter of heat which till re- 
mains in ſlaked lime may be diſengaged by an a- 
cid; and hence, trom an equal quantity of lime 
a greater degree of heat is generated with acids 
than with water, as the tormer ſet the whole of 
the matter of heat at liberty, the latter only a part. 
have ſpoken briefly, and in a curſory way, of 
_ theſe matters, in order to illuſtrate ſeveral. things 
in the foregoing pages, and that what follows may 
be the better underſtood. We do not here conſi- 
der the compoſition of the matter of heat; it is 
ſufficient for us that it may be fixed, and again ſet 
at liberty. 

Let us now return to the hepatic air, which con- 
fiſts of ſulphur united to the matter of heat by 
means of phlogiſton. As the demonſtration of this 
analyſis occurs hereafter, 1 paſs it over in this 
place. The hepatic air is decompoſed in the at- 

Tolls & | - T moſphere 
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moſphere by means of pure air, which attrats 
phlogiſton ſo greedily, that it is able to ſeparate. it 
from the nitrous acid itſelf : this is the cauſe of 
the ſulphureous cruſts which are to be ſeen at 
Aix; for the connecting medium (the phlogiſton) 
being ſeparated above the ſurface of the water, the 
whole compound is diſſolved, and the diſengaged 
particles of ſulphur adhere to the eee bo- 
dies. L 
Water comblngy with this hepatic air, and, 
| hen impregnated with it, poſſeſſes the genuine 
properties of hepatiſated waters, as readily appears 
upon compariſon. But in order to diſcover how 
much of its virtues depend upon this air alone, 
and how much upon groſſer materials, we ſhould 
examine diſtilled water ſaturated with hepatic va- 
pour.—In a moderate heat, a kanne of diſtilled 
Water takes up about ſixty cubic inches of hepa - 
tic air, which, when decompoſed by nitrous a- 
cid, yield eight grains of ſulphur : the matter 
of heat which remains diſengaged among the par- 
' ticles of the water, is more and more dimi- 
niſhed, 


te. 


— 


8 LV. 0 mater ſaturated with hepatic 
| Air. 


In the 88 e we ſhall explain how wa- 
ter may be ſaturated with hepatic air. For the pre- 
| ſent, 
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ſent, we luppole the water to be cool, acl fully 
faturated. E 
"5063. bas a moſt a hepatic ſmell, 3 88 
ſet in a broad open veſſel; in 24 hours it blackens 
ſilver; an effect which, as the vapour is diſſipated 
in this caſe but flowly, it does not produce in leſs 
than the ſpace of ſome weeks, when ſet to ſtand 
in an open bottle. This effect may be . re · 
Penn by nitrous acid. 5 
be taſte is. ſtrong, ſomewhat Nec not un- 
like that of putrid eggs, but more diſagreeables 
It preſerves its clearneſs entirely, if the water be 
newly diſtilled, ſo as not to have time to abſorb ' 
aerial acid from the atmoſphere. - | | 
(s) Tincture and paper of turnſole grow but 
little red, unleſs the water be imgregniterh with ; 
waſhed hepatic air. 8 
Paper of fernambucum ſuffers no 8 
(cc) No change is occaſioned by acids, unleſs 
ſuch as poſſeſs the ſingular property ot aitracting 
phlogiſton, even in water; one of theſe is tue ni- 
trous acid highly concentrated. When this is 
dropped in, the ſmell is inſtantly ſuppreſſed, the 
water grows turbid, and a white ſubtile powder 
very lowly ſubſides: this powder, collected and 
dried, is tound to be pure genuine ſulphur. The 
phlogiſton being taken away by the acid, the bond 
of union between the ſulphur and the matter of 
heat is broken; the hepatic air is therefore de- 
, and 8 appears in its ordinary 


T 2 form. 5 


Py F * —— — — , F r 7 — 
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| Gems That the nitrous acid attracts phlogiſton; | 
even in a liquid, is obvious from the artifice made 


uſe of by ſome to make vitriolic acid, when black, : 
clear again,—they add a fmall quantity of nitrez 


- which is ſpeedily decompoſed, and the colouring 


phlogiſton . oy. the nt nitrous | 
acid: 

Upon pouring into the impregnated water a 
few drops of nitrous acid, the fætor is inſtantly 
ftopped, but in a few minutes it again returns ; 
and this happens repeatedly ; fo that a quadrant 
of water requires 200 drops to deſtroy completely 
all its hepatic air: When the water contains alſo 
a fixed alkali, the acid has but little effect, ſo long 
as that is diſengaged ; but after it is ſaturated, the 
hepatic ait begins to be decompoſed ; the reaſon is 
clear :—the alkali ſeizes the acid as foon as it is 
dropped in, and repreſſes its activity; hence we 
cafily fee how ſulphur may be precipitated from 
the Aix waters, which rio one, fo far as I know; 


E has hitherto effected. 


Acid of vitriol, and the other common acids, 


| te: no effect. 


Dephlogiſticated marine acid N the 
1 7 ; | 

(o) Alkalis cauſe no 3 

(E) Nitrated filver occaſions a congrumation, 
which ſoon changes to a brown colour.—In this 
cafe the acid and the metallic baſe ſeem to be load- 


ed with phlogiſton, by which they are both ren- 


dered 
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dered inſoluble 2 there is no doubt but a ſulphur | 


Alo adheres to the metal Silver, in n 
ſtate, grows black in this water. 

(xx) Nitrated mereury, made 8 8 

caſions a brown precipitate; that made with heat, 

a white one. The difference ſcems to ariſe hence, 

chat in the latter caſe the baſe is ſo far dephlogiſti- 


cated, that the phlogiſtan remaining is inſufficient 


for communicating colour to. the. precipitate.— 


Mercury, in its metallic ſtate, expoſed to .hepatig 


air, grows black, like ſilver. 


(6) Corroſixe ſublimate is alſo 8 white | 


fo the above · mentioned reaſon. 
( n) Acetated lead is Saad Mako, 

negar does not promote the decompoſition of he- 
patic air: hence, therefore, appears the action of 
the metallic baſe alone; yet poliſhed lead, expo- 
ſed to hepatie air, does not grow black, but only 


brovn. The ſame is true of iron: copper grow 


black; but tin, bilmuth, ES and zinc, are 
not changed. " 

(i) Solution of vitriol of zinc . A little 
turbidneſs, and yields a white ſediment ; that of 
copper occaſions a yellowiſh þrown hue, and ſlow- 
ly depoſits a ſediment of the ſame colour; that of 


iron grows black :—the hepatic ſmell is ſoon diſſi- 


pated, if the pere of the N be Proper 
adjuſted. 


(* A grain of white arſenic hk into * 4 water | 


grows yellow by degrees, and at length acquires 


11 the 
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the propertics of orpiment. The fame thing _ 
pens to a ſolution of arſenic in water. 
(1) Hepatiſated water, in which filings: of rod 
have been kept for ſome days in a wel- cloſed veſ- 
ſel, grows purple with tincture of galls ;—if the 
iron be diſſolved by an acid, the colour approaches 
more to violet. This is the reaſon why, with the 
fame quantity of tincture of galls, different ap- 
pearances take place: beſides, we muſt obſerve, 
that water impregnated with iron by means of he- 
patic air, is not at all rendered turbid by phlogi- 
ſticated alkali; and if a ſmall quantity of vitriol 
of iron be afterwards added, this produces a ſedi- 
ment at firſt aſh-coloured, the upper ſurface of 
which grows by degrees (but very ſlowly) of a 
pale blue, and after ſome days grows quite black. 
If hepatiſated martial water grows immediately blue 
on the addition of phlogiſticated alkali, this is a 
ſure ſign of the preſence of an acid menſtruum. 
Theſe circumſtances ſhould be carefully . 
in the examination of Waters: 


= 5 v. | Method of preparing hot medicated 
| Waters. 5 3 Eh | 


Py 40 \ 
#14 


In the preparation of hot Rect waters, 
ſeveral circumſtances are to be attended to. 
Firſt, the waters muſt be impregnated with ela- 
tic fluid; then the groſſer materials, which diſ- 
finguiſh the different ſpecies, are to be diſſolved; 


and, 
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and, finally, the water to be heated 3 any. 
loſs of its virtue. — 75 0 ſhall * of all ue! ro 
Water 

(a) The elaſtic fluid to be e is — 
aerial acid or hepatic air, according as the water 
is required aerated or hepatiſated. The former is 
obtained by a proceſs already ſufficiently deſeri- 
bed; the latter is had in the ſame way, with the 
difference of a few circumſtances | now to be men · 
tioned. | | 


In the place of chalk, we are to employ an he- 


5 par ſulphuris, made of equal weights of ſulphur 


and pot · aſnes together, and melted in a crucible: 


the hepar is to be reduced to a powder before it 


is put into the veſſel, as otherwiſe the ſaturating 


acid will generate upon the ſurface a vitriolated ve- 
getable alkali, which is not ſoluble in a ſmall quan- 


tity of water; and this cruſt, ſurrounding the in- v4. - 


ternal parts, will prevent the acid from reaching 
them.—A maſs made of three parts of iron filings _ 
melted, with two of ſulphur, anſwers the ſame 
end, even better than the former. | 


An inverted bottle, half. filled with — a 
be ſet to collect the extricated elaſtic fluid: the 


water cannot take up ſo much of hepatic air as it 
does of aerial acid; —if the water is to be aerated 
at the ſame time, + or & of chalk may be added 


to the. hepar. When, upon agitating the bottle, 
the hepatic air is no > agen FOO the water is 


ſaturated, 


+ 4 
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-— The vapour being extremely offenſive, and un · 
friendly to reſpiration, the operator ſhould be ſo 
n, that a ſtream of air may eur off the no- 
 xious vapour from him. 

() If particular waters are to be imitated, fie 
* nies; the Caroline or the Aix waters above 
mentioned, the quantity and quality of their ſeve- 
ral contents muſt be determined. The n 
Vaters contain, in a 98 


of aerated lime . 1 
of vitriolated mineral alkali — 240 
of ſea-ſalt - = 32 


Kannen eee 


. together with an admixture of iron. A kanne of 
Air water, taken from the Emperor's bath, con · 


Hinz, * 5 | Ho i X 
ne Pac Se, 
of aerated lime, - 27 
of ſea · ſalt, — i 


of mineral _—_ and * 79 


It is only the acrated de that indicates the me: 
rr of aerial acid in the Aix waters, 

Theſe heterogeneous matters, except the vines 
lime (which ought by all means to be left out) are 
af yery eaſy ſolution; they need not therefore be 

N 2 WM added 


641 
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added to the water, until it is to be drank: the 
proper quantities of theſe may be put into the veſo 
ſel out of which the neee een ns 
ſoon taken up by the warm fluid. 

If any one, however, inſiſts upon the W 
Hine, the water muſt firſt be ſaturated with aerial 
acid, and the lime diſſolved by its means, in the 
cold, as before deſcribed ; the water is then to bs 
impregnated with hepatic air; and in this caſe 
ſome filings of iron ſhould be added: but if the 
lime be omitted, the filings put in during the 
warming of the water will give ita OI o 
pregnatiov. | 
e order e 
water warm, without loſs of virtue, we muſt em- 
ploy a veſſel cloſely ſhut, ſuch as Papin's digeſter; 
—the copper ones deſcribed by Mr Wilcke are 
beſt fitted for this purpoſe : one of thoſe ſhould be 
taken, which can juſt hold the requiſite quantity of 


water: the acrated or hepatiſated water being put 


into this; and well cloſed up, is to be ſuſpended 
in a common pot in a water · bath; and the water 
in the greater veſſel, being gradually heated, 
communicates the e _— of heat 00 Mas 
MR | 

Although cold acrated water is highly medicinal, 
as experience evinces; and although the ſame isun- 
queſtionably true of cold hepatiſated water (g v1.); 
yet it is very probable that heat, by increaſing 
their _ renders them more ſubtile and 
penctrating, 
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penetrating, and of conſequence more efficacious 
In certain caſes. We are not yet certain what de- 
gree of heat is moſt effectual: the Caroline wa- 
ters raiſe the Swediſh thermometer to 730, the 
Aix waters to 62" ; an heat which appears too 
great for internal uſe, as the hand can ſcarcely 


dear water heated to 500: but this queſtion is not 


to our preſent purpoſe, it is ſufficient that the wa · 
ter can receive the neceſſary CG of heat, with- 


out loſs of virtue. | 
The ſaline matters ſhould not be: put into the 


digeſter, as many of them act upon the metal, but 


the iron may ſafely be uſed ; and thus | it commu+ 


nicates a chalybeate impregnation. - | 
That a glaſs may be occaſionally: filled without 


the loſs of any of the volatile parts, a ſmall ſtopper 


muſt be fitted to the upper part of the digeſter, 
by opening which the warm water may be poured 


out, and yet the maſs remain cloſely ſhut up. 


For the purpoſes of bathing, larger quantities 


are neceſſary; in this intention the Caroline wa- 


ters (for what reaſon I know not) are out of uſe. 


The waters of Aix are often employed; and a 


large quantity of water may be eaſily impregnated 


with hepatic air, by means of a flexible tube con- 


veying the air to the bottom; and: this operation 
may without inconvenience be continued, even 
while the patient fits in the bath; but the pro- 


ceſs ſhould be ſo conducted as to > affect e 


W RIS: | 
6 vr. 
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* , Cr 4 4 . 
8 7 * 


8 vi. 3 came cold jetted 
Hater. 2.2 4 

Cold martial 8 when freſh, 3 aka | 
have an hepatic ſmell, : eſpecially when a little na- 


ken in a cloſed bottle, yet in general the impreg- 
nation is ſo flight that it goes off in a few mo- 
ments; but I have lately learned that the hepatic 


impregnation, in ſome inſtances, is more com- 


” plete. Mr Alftroemerer ſent me 12 kannes of 
Medway water, requeſting me to examine their 
contents. Theſe acidulous waters are ſituated at 
| Medway, in Oſtro Gothland, and have been ce- 
| lebrated for wonderful cures, from the moſt re- 


mote periods of time: the celebrated U. Hierne 
diſcovered them in the year 1677, from which 


time they have been much frequented every year, 


and with conſiderable advantage; yet their true 
nature and properties are but little known. — The 
following experiments will tend to throw 995 up- 
on this ſubject. | 

This water, when brought to Upfal, is found 
to have loſt its volatile principles, but Dr P. Dubb 
examined it at the very fountain, by the means 
above deſcribed :—he obtained from every kanne 
13 cubic inches of an elaſtic fluid, which diſtinctiy 


reddened tincture of turnſole, and therefore un- 


doubtedly was aerial acid. That it alſo contains 


follows; 3 


fome hepatic air, will LON, appear from what 


Tinaad 
— 


2 nF—— 


* * 0 1 
R 
* 4 [2 d 4 
rhe 8 " 
* 3 
— 


— — 


* 
N 


n : * i CA % 1 N ' — 
* n . 1 ; 1 8 4 Far", ; : © 5 4 0 y W N 
x PIE" 1 1 8. os 5 Fg 8 1 * 1 1 The 5 9231 * | q "Y ; * 4 a ; * 8 = 
* * 9 « a 3 wore * k : " * g . * 2 n 2 r BY 4 
; W. 42 1 F 2 8 * . 1 j — * , g 4 N 1 F 5 wo * 4 ä - 1 n iN — 4 & * A 9 n 4 « 4 
4 + x \ - 1 A ts WY? N - As) ns 4 1 e . Þ * pl : l 4 . 
5 ** 1 EF 4 en 1 a 4 4 , . >» . ; 5 1 8-8 PAC „ 
a. ccc eee eee ELD, i r . e ; $27 SLA 5 — : — g — 
— « » : — — — — dts 1 *. * wm le E. „„ e OR Px 
— 
G 
9 1 * 


* » & "I 6s EIT 4 _ 
25 - 
* 2 * K Be, = r 
£ SE 3 5 x] 
— EI x — 
- - Lo 9 
o 
* Inv + een N ee 
7 0 
— * — 2 
. 
* 


1 So” a OF 
2 8 ** 
5 © * * K Te FT 
2 * _— . 2 e es... ; 
% , a r — * 
8 0 ety 4 s I, * 7 
* 2 Va. Feb. * 
„ 4 
1 — — — = * 
7 


0 OF THE ARTIFICIAL PREPARATION 


follows; but theſe 13 cubic inches, having been 
| collected by means of water, do not indicate the 


true quantity; and I doubt not but that, if they 


had been collected by mercury, 2 would amount 


o 30 at leaſt. > ”Y 
In the Medway water there: cannot be any pure: 
air, as that is incanſiſtent with a martial ſolution ;/ 


but the hepatic air remained in the reſiduum of 


10 kannes, redueed by evaporation, at the very 


fount, to nearly 2 quadrants: this appears mani. 


wy 


; teſtly, for the bottle in which the liquid reſiduum 


was put, when opened, ſtruck the noſe with an 


offenſive hepatic odour ; and a portion of this li 


quor, upon the addition of a few drops of cone 
centrated nitrous acid, grew white and turbid, 
and in 24 hours depoſited a very ſubtile ſulphus 


reous powder :—in this caſe then, we have a cold 


hepatiſated water, which retains that fetid princi-. 


ple ſo tenaciouſſy, that notwithſtanding continued 
boiling, and the agitation of a long journey, it 


yet retained a conſiderable portion of the volatile 
aura. 0p 

In order to diſcover the fixed principles, I firſt 
employed precipitants ; but I muſt obſerve, that 
the water ſent to me was ſomewhat yellow, very 


faintly indeed, yet ſenſibly ſo,” eſpecially when 
compared with common water: in the liquid re- 


ſiduum, that colour was more e and 


as reſiduum itſelf an W e 
* 


* 


z0t 


or HOP MEDICATED WATERS. 
In taſte and ſmell it reſembled pure water, but 


the liquid reſiduum gave flight tokens of | iron and | 


of an hepar. 


* Papers Hinged with turnſole or Brazif wood Af 


covered nothing ; hence it would appear that mes 
is no prevalence either of acid or alkali. 5 


Phlogiſticated alkali cauſed no change her j 
in the water or in the liquid reſiduum; and this 


was the caſe at the very fountain (F Iv. 1). 


Tincture of galls alſo had no effect on the wa-. 


ter, but with the reſiduum formed a dilate purple 


colour, which yet was ſomewhat changed by the 


| yellowiſh brown of the water itſelf. 


Acid of ſugar did not occaſion a turbidneſs iu in 95 
the water, until after the ſpace of 24 hours; but 


with the reſiduum mee formed a ſaccha- 
rated lime. 


Aerated fixed alkali does not make the water 


turbid, but it inſtantly acts upon the reſiduum 3 
the precipitate was white, and of a calcareous na- 


ture. 
Salited terra Posted aid not precipitate any 


thing, even in the reſiduum; there is of wo 


no vitriolic acid preſent. 

A ſmall piece of alum was decompoſed 8 
ſome hours, which is no doubt occaſioned by a 
falited lime, mixed with the alum —Hepatic air 
does not a& at all upon ſolution of pure alum. ' + 


A ſolution of nitrated ſilver renders the water 
ſomewhat turbid; but in the reſiduum it occaſions 
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a complete milkineſs, tinged lightiy brown by the 


hepatic air ;—there is preſent, therefore, a marine 


__ acid. 


Nitrated mercury, prepared without heat, as 


- alſo acetated lead, exhibit the PET RE me, 


ances as nitrated ſilver. 
Corroſive ſublimate has no eſſe. 

\ Theſe experiments detect nothing but a ſmall 

portion of falited lime, except the admixture of 


iron, which the tinQure of galls ſhews. 


I evaporated half a quadrant of the liquid reſi · 


duum to dryneſs, but found only 5 grains of a 
brown powder, which grew a little moiſt in the 


air, yet only a grain or two of it was ſoluble in 
water; ſo that the greateſt part of this was a cal- 


cined iron. Water poured upon the dry reſiduum 
grows brown, an appearance occaſioned by a mu- 
cilaginous extract; for, evaporating again to dry- 
neſs, it exhibits a brown matter, which grows 
white by burning. Since, then, 104 kannes 
yielded two quadrants of this liquid refiduum, it 
appears, that we ſhould allow about two grains to 
each kanne; for the ſalited lime amounts ſcarcely 
to half a grain: I have alſo obſerved a few par - 
ticles of ſea-falt. 

The dry reſiduum which, according to Dr 
Dubb's experiments, is obtained from each 


kanne by boiling for an hour, weighs 2, 75 grains, 


which ſeems. to be purely martial; and it is'to be 
| obſerved, 


wt 


N = 
% M 4 . | — 2 > . 2 4 8 0 
5 9 > + * . 3 — 2 — "— 8 k n 3 F 


. 3 — — — 


AB - N 
* v * 5 


” — q X 
4 9 2 GE * — . 
& 5 — * we... j 
W 3 8 7 . * vh 7 pe 3 


— 


an, AY 


” - 
ET 
* 
\ * 
* 
: <= 
8 
8 ö | 
: > * 
4 
x . * 
b | | 
þ 8 — 
: = oY 
o — * bs 2 : 
* 4 . . F 7 1 , * 4 0 . > ö 
d 1 , | : "= E 25 
7 I « 4 . | : ; 
= 7 p | 
- ; ; | 
{ | | 
= 6 1 
2 
* ; . | | 
: . * — . ; 
o 
| d 
- x F 
4 ; " 
i : | 
. | : | 
| = 
| 14 
9 
9 , | | 
G j 
* 4 f f 
G 
- * : 4 | 
=- F : : | 
| * 
— * 5 b ; 
f 4 > 
n d 4 1 - N 
| : 4 2 - | 
Þ J 0 ' , 9 
- : | | 
* - * > - . , ; . | | 
py | ; ; 
| E . \ * * 
— a | 
. 1 p - f W f £ f * 
* 7 FA . : * 
— | 
. ja 
. 
* py * f 8 
— * 9 LC 
| - 
; : ' - 
o 
— * 
, = 
1 
— * g | 
* * x | 
* c 7 | 
. _ 1 . 
M * 
” 


* 
ef 
- 
4 
7 
= 
- 
: 
. 
—— 
4. 


* * 
N 
- 

—— 
#3 
* 

* 
* 
2 
E 


7%. 


5 


- 
- 
% 
by 
\ - 
\ 
DDr 


* 
— 
? 


— 
- 
* 
1 
„„ 


* 
. 
* 
- 
— ww, 


-_ be F 
- 4 : 
R F N 
— ö 
— | | 
— | ; l / 
| = 
p | 
. « | 
5 ; | 
as” 
» : * — 2 
7 | | | 
— 4 EF? 4 — - | . | . 8 | | 
* 's 
- 
L 1 


* 


8 


„ 


. 
> * 
* ” a * 1 
2 


0 FP þ 
The SUBSTANCES contained in the ed 2 


ven 


ENGLISH WEIGHTS, MEAS! 


Subſtances contained it 


Phyſical Qualities. | Cubic Inches. | 
| - — — — | — 
TOES” , | - ; 
NAMES of the WATERS. | Tempe- Weight Specific j| Pure | Aerial | Hepatic I Aerate 
rature. * | Gravity. j| Air. Acid. Air. Lime 
| 7 I, Grains. 7 
Diſtilled Water, — — — J138923.8961] 1.0000 — — — — 
Snow Water, 3 a — . [8924-7884] 1.0001 — — _— OT 
Sea Water, at the Depth of 60 Fathom, — |9193.7956| 1.0289 || — DW eee © EET 
- q { Seydſchutz, —| — 18977-4393] 1.0060 © 4356 0.8712. 7 i 0.980 
——— — — — —— — — — — —— — 
1 5 Seltzer, — : — 8948.99 0%] 1.0027 0.2178 | 13.068 | — 78.381 
" E. | E pe — — — 18932.8199 1.0010 — 9.80 — 1.857 
= ' — — — — 7 2 — — 
j | LY Pyrmont, — — 8950. 1335 1.0024 —_ 19.602 <qane 4.35 
= ; | — — —— — —ͤ —— —— — 
2 , T7. 8 N P * 
3 5 2 Z Medway, * =_ — — 6.534 | 8.712 — 
— er e — — 
— _ 13.068 l 5.980 
— 13.068 J 5.227 
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tained in the Pint, Wincheſter Meaſure, containing 35,25 Cubic Inches, 


Grains. 
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ure, containing 35, 25 Cubic Inches. 
5 Grains. 
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obſerved, that part of it is magnetical; 3 pro- 
perty is, beyond doubt, mme! by the he · 


air. 
We conclude, 1 that a pes of freſh 
Medway water contains. 
of iron, partly diſſolved in hepatic air, 
and partly in aerial acid, 2 
of falited lime, — 4 
of acrial acid, nearly -- 40 
of hepatic air, at leaſt 40 


The ſea-ſalt and mucilaginous extract, are of 


ſo little weight, that they may in this computation 
be neglected. 
This water muſt neceſſarily be very eſſicacious: 


for, iſt, it contains united two principles, one of 
which gives virtue to the hot, the other to the 


cold medicated waters: 2d, it contains nothing 


noxious.— We know that many waters, even the 


ſo much celebrated Pyrmont, are loaded with 
acrated lime and gypſum, ſubſtances which are 
by no means friendly to the human ſyſtem ; and 
the ee of a whole century abundantly 
confirms 
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confirms this opinion of the virtue of the Medway 
1 waters, which we have deduced from analyſis. 
5 Ho this water may be imitated, is eaſily ſeen 
15 From what has been already faid, 
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DISSERTATION vm. 
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OF THE 


ACID or SUGAR. 


$1, | Method f obtaining the i i of Sugar | 


in a ſeparate State. 


> UGAR is juſtly dd an eſſential 


ſalt, it will readily be granted, that it con- 
tains an acid ;—this acid may be ſeparated, and 
exhibited in a cryſtalline n by the mph 


eee — 


(a) Let one ounce of the ice ſugar, in p 
der, be mixed, in a tubulated retort, with three 
ounces of ſtrong nitrous acid, whoſe ſpecific mw 


” is nearly 1, 567. 


(s) When the ſolution is completes, and the 
moſt phlogiſticated part of the nitrous acid has 
flown off, let a receiver be luted on, and the ſo- 
Vo. I, „ lution 


6 * 
# : 
+2 
= 


0 
A 


G 
* — l " 
ns . — ons 
= "noe . Aa 
Hos 
IC) bs 
. - M 


the proceſs for obtaining the acid of os a B. 


s or THE dcm OF SUGAR, 


lution gently boiled —in this proceſs an immenſe 
quantity of nitrous air is diſcharged (7). 


(c) When the liquor acquires a dark brown 
. let three ounces more af nitrous acid be - 
poured on, and the boiling continued until the 


coloured and ſmoking acid has entirely diſappear- 
ed. 1 


(o) Let the liquor in the receiver be then 


poured into a larger veſſel; and, upon cooling, 


ſmall quadrilateral priſmatic cryſtals are found ad- 
hering together at an angle generally of about 


45”: theſe, collected and dried on bibulous par 
per, weigh 109 grains. 

(=) The remaining lixivium, boiled again in 
the ſame retorts with two ounces of nitrous acid 
until the red vapours begin to diſappear, upon 
cooling, as beſore, affords 43 grains of ſaline aci- 
culæ. 

1. If to the viſcid glutinous "OA which re- 

mains, there be added, at different times, ſmall 
quantities of nitrous acid, amounting in all to two 
ounces ;. by boiling, and evaporating to dryneſs, 


aà faline maſs is at length formed, brown, gluti- 


nous, and deligueſcent, which, when perfect- 


(a) In order to procure this acid, common aqua fortis 


will ſerve juſt as well as the ſtrongeſt nitrous acid; and 


any glaſs, thin enough to bear a moderate heat, will do 
juſt as well as a retort. Nothing can be more caſy than 


5 
5 


* 


* 


— * 
A- jt k 1 rat > aa 
4 : 4 > | = + 
. 5 


OF FHE ACID OF SUGAR. ee 


ly dried, weighs half a drachm ; but in fcpuras 
tion nearly half of this weight is loſt. 


(e) The cryſtals obtained in the manner above 


deſcribed, are to be depurated by repeated ſolu- 
tion and cryſtallization, an operation which is 


particularly neceſſary to the portion got, ay de- 


ſcribed in F. The Jaſt lixivium x, digeſted with 


nitrous acid, and, evaporated to dryneſs by the 
ſun's heat, exhibits priſms fimilar to thoſe men- 
tioned in o and E; ſo that this affords a N | 


of abridging the number of depurations. 


(un) To obtain, therefore, one part of this falt, 


there are required 3 of ſugar, and 30 of nitrous 


acid; ſo that it may be reckoned among the moſt 
expenſive falts hitherto known. It muſt be parti- 


cularly obſerved, that a much ſmaller quantity of 


cryſtals will be obtained, if the boiling be conti- 


nued ever ſo little beyond the proper time. 

(1) The acid thus obtained I call acid of fur 
gar ; not becauſe it is procurable from that ſub- 
ſtance only, but becauſe ſugar affords it more 
pure, and in greater quantity, than any other 
matter hitherto tried. Thus 100 parts of gum 
arabic, treated as above, with 9oo of nitrous 
acid, at the beginning of the boiling foam violent. 
ly, and upon cooling, yield ſcarce more than 21 


of ſaccharine acid, priſmatically cryſtallized ; but 
at. the ſame time the ſolution, even to the laſt, ſe- 


parates a. ſaccharated lime (5 v1), which, when 


collefted, weighs 11, and contains about 5 of 
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the acid of ſugar: 8 parts of highly rectified ſpirit 
of wine, with 24 of nitrous acid, yield 3 of 
ſaccharine acid, but for the moſt part in a ſqua- 
mous form, and loaded with much moiſture ; be- 
fides, honey, and whatever ſubſtance contains ſu- 
gar, in the ſame way produces the ſame acid; 
and although acid of tartar, diſſolved and boiled 
| In nitrous acid, in the ſame manner, yields a ſalt 
ſomewhat fimilar to this, both in taſte and ſqua- 
mous cryſtallization, yet it is ot a whiter colour 
and, beſides, is unchangeable in the fire, Fielding 
* only a coal as before. 
In another Diſſertation it will by ſhewn, that 
the acid of ſugar occurs alſo in the animal king- 
\ | dom; and that it, together with a gluten, con- 
13 ſtitutes the calculi of the kidnies and bladder (H). 


% 


$11. Properties which the Aid of Sugar poſ- 
Jeſſes in common with other Acids. 


This falt poſſeſſes many properties, ſome pe- 
_ + euliar to itſelf, ſome common to it with the other 


) This has not yet been made to appear; and it is. 
certain that this acid, if it be preſent at all, is not the 
only one contained in calculi, for phoſphorus has been ob- 
tained from them by diſtillation with inflammable ſub- 
ſtances. The acid of ſugar is preſent in a vaſt variety of 
different animal and vegetable ſubſtances ; it exiſts in great 

quantities in gall-nuts and wool; at leaſt it is obtained 
from them, when treated with nitrous acid. Mr Morveau 

f conjectures plauſibly, that it has for its baſis a ſubtile oil. 


acids, 
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acids, though differing more or leſs in degrees 
and theſe we are now to conſider. 7 Y 
(A) The. cryſtals have an exceeding pungent 


taſte but a ſolution of theſe, when ſufficiently 
diluted, excites a very agreeable ſenſation on the 


tongue. Twenty grains communicate a . 
acidity to a kanne of water. 
(B) It makes red all the blue W ioicer; 


except that of indigo. A ſingle grain, diſſolved 
in four ounces of water, inſtantly makes red the 


blue paper uſed for covering ſugar-loaves, which 


is not affected by the weaker acids; and 12 grains; 


diſſolved in a kanne of water, produce the fame 
effect upon paper tinged with turnſole. | 

(c) It attacks alkalis, earths, and ſundty- me- 
tals, and diſſolves them with efferveſcence, if they 


be united with acrial acid. Theſe combinations, 
which ſerve to diſtinguiſh this evidently from all 


| other acids, will be deſeribed in F I. XXIV. 
(p) Diſtilled water, when boiling, diſſolves its 
own weight of the cryſtals. In an heat of 159% 


it diſſolves only half that quantity; and, although 
| the ſolution appears at firſt a little turbid, it ſoon 


recovers a perfect tranſparency : the ſpecific gra- 
vity of this laſt ſolution, when ſaturated, is 


10593 The vapours which break forth during 


the boiling of the former ſolution do not contain 
any acid; and the liquor, as it grows gradually 
eold, depoſits a great quantity of cryſtals, many 
of which exhibit priſms diverging from à point. 
U 3 1 Fach 
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Each of theſe has fout ſides obliquely ftaaten; as 
„ I Nn the ſpar; the alternate fides narrower, of 
- which:two quadrilateral ptanes; generally unequal, 
met together like a roof, conſtituting an apex at 
X | | one or both extremities; Sometimes the priſms 
1 | occur ſo ſhort as entirely to reſemble the ſpathace- 
| | ous cubes, with acute angles, truncated in a pa- 
rallel direction; ſo that hence we may eaſily judge 8 
of their primitive form. 

55 Sometimes the Nin is ane and the 

N planes of the apex equal: the figure of the apex 
too is varied by planes riſing from the angles of 

the prifms. If, during the depoſition; the veſſel 

| be ſtirred, or if the quantity of diſſolved matter be 

inſufficient, the priſms become regular, and 

- truncated, with five or ſix fides. © 

_ _- (t) Theſe cryſtals do not refuſe to unite with 
3 Aber acids. Concentrated vitriolic acid, ſeizing 
the oily matter, grows brown ; and, in the end, 
totally conſumes the cryſtals, eſpecially on boil- 

ing; but when diluted, although it diſſolves the 
eryſtals readily, yet it yields them up again, but 
in the form of acieulæ; a change which this acid 
is wont to indnee alſo upon other ſalts; The ni- 
trous acid greedily takes up the acid of ſugar, 
and, upon boiling, grows yellow; upon cooling, 
| it again ſeparates cryſtals; but they are generally 
| irregular. If the ſolution be often repeated, with 
the aſſiſtance of heat, the ſaccharme acid is to- 
rally * and at length no cryſtals appear. 

The 


IG 
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ture. 


not above 40. This ſolution grows a little turbid; 
and depoſits a mucous ſediment, ſcarcely equal to 
x of the acid; on cooling, ſquamous cryſtals are 
formed; theſe are irregular, have a fragrant ſmell, 


and, on drying, grow white. In order to deter- 


mine the effect of this acid in forming an ether, 
two drachms of the cryſtals, diſſolved in as much 


ſpirit of wine, (of the ſpecific gravity o, 8581) 


were boiled over a flow fire in a ſmall retort ; as 


ſoon as vily ſtrizz began to ariſe another receiver 


was luted on, and half a drachm, which was con- 


tained in the former receiver, was found to be 
nothing but the ſpirit deprived of its ſuperfluous - 
phlegm ; that which came over along with the 
ſtriæ, weighed only a few grains more than the 


former liquor, this was an acid, and, upon eva- 
poration; yielded a cryſtallized ſaccharine acid; 


upon the addition of lime water, a faccharated 


lime fell to the bottom, and on the top there float - 


ed a thin ſtratum of ether, holding, in a blue fo. 


lution, a calx of copper and of gold (the laſt, 


probably, alloyed with copper). This liquor, if 
it may be properly called an ether, differs much 
from the common ether; for it is not inflam- 


mable, 80 when hot; nor does it burn with a 
U OTH white, 
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The marine acid and vinegar diſſolve theſe cryf- 


tals very completely, but they yield them again. 
totally unchan ged both as to their ſhape and na- 


(er) do parts of nin of wine, on boiling, ON | 
up nearly 56 of this acid; but in a moderate heat 
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white, but with a blue flame, only white on the 
furface ; and, finally, the fragrancy of its ſmell is 
but weak; perhaps if the experiment was made 
with a larger quantity, it would ſucceed better: af- 
ter the ſtriæ had ceaſed, there came over a drachm 
of an acid liquor, which precipitated Iime-water, | 
and on evaporation yielded a cryſtalline acid of 
ſugar ; ; there came over, alſo, about half a 
drachm of an heavier oil: the reſiduum 3 
of cryſtallized ſaccharine acid, and. weighed 29 
grains; this reſiduum, which had but little empyreu- 
ma, again treated the ſame way with two drachms 
of ſpirit of wine, yielded a few oily ſtriæ, and a 
ſmall quantity of oil: the black reſiduum, which 
_ weighed near 12 grains, exhibited brown cryſtals; 
and in the fire ſent forth a white and pungent ſmoke. 

(6) Vitriolic ether diſſolves the cryſtallized acid 
of ſugar, but with difficulty. _ 

(n) The ſaccharine acid unites with the oils 
both eſſential and. expreſſed, but ſeparates again 
on proper evaporation: in. a mote. violent heat, 
alſo, 'it ſeparates, by riſing above the ſurface. 

(i) In an heat exceeding 157, the cryſtals are 
gradually covered with a white opake cruſt; and 
at length, entirely ſplitting into a white powder, 
loſe about n of their weight; which loſs is quick 
ly recoyered in a moiſt air: the cryſtals, when - 
old, are covered with a looſe down, ſuch as ap- 
pears upan lutes during diſtillation; but is in no 
reſpect different from the ſaccharine acid itſelt. 

In low cloſe diſtilling veſſels, mh a gentle fire, 


3 the 


the water of the cryſtals firſt comes over (which 
forms about -*q of the whole) and the acid is fu- 
ſed. When the heat is intenſe, it ſoon liquefies, 
and upon boiling grows brown; a little phlegm 


comes over into the receiver, an acid powder ef- 


floreſces upon the luting of the receiver, and A 
white faline cruſt ſublimes, nay, when the fire is 
vehement, ſome of it is forced over into the receiver; 
but the greater part is deſtroyed, leaving in the 


retort a brown, or grey matter, equal to nearly 
of the cryſtals; this has an empyreumatic ſmell, 


makes concentrated vitriolic acid brown, and ni- 
trous acid yellow, but is diflolved. i m marine acid, 
without inducing any change of colour. This re- 

ſiduum, expoſed to the fire in an open veſſel, flies 

off, leaving nothing in the glaſs but a white ſpot, 


'The acid of ſugar, when ſublimed, eaſily puts on 


a cryſtalline form, and ſeems to have undergone 
no change, except that it is rendered extremely 
pure, being deprived of ſo much of its oil as it 
can loſe without being itſelf deſtroyed. In the re- 
ceiver is found an acid liquor, which precipitates 


lime- water, and alſo exhibits the properties of 
faccharine acid, but does not eafily cryſtallize: 2 


prodigious quantity of elaſtic vapour is generated, 
which, upon ſeparating the veſſels, is found to be 
of an highly pungent and empyreumatic ſmell ;— 
this vapour, collected during diſtillation, amounts 


to nearly to cubic inches in every half ounce of 


the * and conſilts one half of aerial acid, 
which 
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314 of THE ACID OF SUGAR. | 
which may eaſily be ſeparated by lime-water, the 
other half is Cre Inn air, _ dine wih 2 
blue flame (6). 

Acid of ſugar which bas deen once ſublimed, 
when again ſubjected to the ſame operation, ſends 
forth a white ſmoke; this, collected in a receiver, 

8 Gow upon cooling, an acid liquor, of a wa- 

ter- green colour, which is not cryſtallizable : om 
the fides and neck of rhe retort, alſo," ſome of the 

acid is found eee and ſearecly changed . 
WE teſiduum is grex. 

Upon ſubliming a third time, the receiver was 

burſt by the elaſtic vapour: nevertheleſs a minute 

portion of an acid liquor was collected, which, 
upon evaporating” to dryneſs, left a ſmall. reſi- 
duum: the reſiduum in the retort was hoary. 

The changes now defcribed are brought about 

more ſpeedily by means of heat in open veſſels: 

the ſmoke ariſing is offenſtye to the noſttils and 
the lungs, and the teſiduum is of a whiter colour; 

in this caſe there occur no e un a coal, a 


0 60 M. Sarah FAG that the Abbe Fontans's 
| N of this acid is conſiderably different. He does not 
eſtimate the aerial acid at above a third: and the inflam- 
mable air ſeemed to him to be mixed with common air. 


He affirms, that an ounce of the cryſtals yielded 432 cubic 


inches of theſe elaſtic fluids, a quantity nearly double ts: 
that aſſigned by Proſeſſor Bergman. M. Morveau attri- 
butes this difference to the different means which he ſup- 
poſes theſe two illuſtrious pbiloſophers employed to con- 
vert — * into elaſtic fluid, B. 


circumſtance 


or TH Acrd or su.. 3175 


Ercumſtance which clearly diſtinguiſhes the 12 
of fartar from Thos of Ss N 


4 6 1s 1 tegetable Alla. 
Ihe acid of fügar, exactly ſaturated with vege- 
table alkali, does not yield cryſtals without - difft- 
culty—but if either the acid or the alkali be a 
little predominant, cryſtals are _ eaſily obtained: 


two parts of alkali, fully aerated, combined with 
one uf farcharine acid, being Kkilfully evaporated, 


afford beautiful priſms, nearly of the ſame, form a 


with thoſe of the acid itſelf: theſe cryſtals height- 
en the blue eblour of paper tinged with turnſole; 
but if boiled in the tincture of turnſole, or in ſyrup 
of violets, they change the colour to a red: theß 
diſſolve caſily in water; but with difficulty in ſpirit 
of wine ; they undergo ſpontaneous calcination in 
heat: "the ſaccharine acid is feparated from the 
cryſtals by lime, terra pbnderdſa, or magneſia; 
when pure; the acids of vitriol, of nitre, of alt; 
of fluor, of arſenic, and of phoſphorus, alſo in- 
duce a change, by attraCting the alkaline baſe.— 
Acetated and formicated vegetable alkali are de- 
dompoſed by acid of ſugat: but it is fire alone 
that Tan perfectly expel the faccharine acid from 
any baſe.” In diſcovering lime in any manner, 
lodged in waters, the ſaccharated vegetable alkali 


is preferable to any ſubſtance hitherto known, as. 


it attracts 8 8585 moſt powerfully, and is able to 
** Ms | ditengage 
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316 or THE ACID OF SUGAR, 
diſengage it from any other acid 25 forms, with 


the lime, a ſalt, very difficult of ſolution, which 


therefore falls to the bottom in the form of a white 
powder ($ vi.) . Although this effect may be pro- 
duced by the acid alone, yet the double (c) affi- 


nity accelerates the n. at leaſt never im- 


F it 


S iv. Saccharated mineral Alkali. 


| Two parts of newly cryſtallized mineral alkali, 
combined with one of ſaccharine acid, form a falt 


very difficult of ſolution, which is partly ſeparated 
during the operation, but what remains after eva 


poration yields cryſtalline grains: theſe cryſtals | 


diſſolve perfectly in warm water, but not in ſpirit 
of wine; they do not change the tincture of turn · 


ſole, but make ſyrup of violets green: the ſame. 
earths, and the fame acids, decompoſe this and 


the former ſalt; and, beſides, the mineral alkali 
is pig het by ue n. 


ee Saccharated volatile Alkali. 


ks part of ſaccharine acid takes up ſix of pure 
volatile alkali (diſtiled from one of ſal ammoniac, 
four of quick lime, and three of water). This 


nga being _— Sg 99 5 qua- 


EP 


© * Tete on EleQire Anraftions, OE 26 
WENT: drangular 


— * a 
_—_— 
At 


am 4 * G 

4 * *. a 1 "ad p C 4 : % p 
# | k $ ; 7 , : Wo Ws Ii 
: & - 6 — 

.,x —_ * Y : " . — 
a Aa) -3- ** ' 7 5 
937 Bu — 1 * . p ; g 
p = 
- 7 2 


od 1 ACID OF 80GAR 3 


drangular priſms, generally diverging from a noms | 
ber of points. Theſe cryſtals not only redden 
tincture of turnſole, but alſo ſyrup of violets ; they 

ſplit in heat, loſing about + of their weight: this 

loſs takes place in the ſaccharated volatile alkali 
more ſlowly than in the acid of ſugar itſelf: wa- 

ter readily diſſolves theſe cryſtals; ſpirit of wine 
does not: upon diſtillation,” they yield fifſt a con- 
crete volatile alkali, then ſomewhat of a ſaccha- 
rated volatile alkali—The coally reſiduum indi- 
cates a decompoſition, and conſequently the diſen-  _ 
gagement of aerial acid, and the cauſe of the con- 
cretion of the volatile alkali;— this union is de- 
compoſed by fixed alkalis, and by the earths 

and acids which decompoſe the former, 111. 

and ee | 


0 


$ vr. Saccharated Lime. | 


82 parts of W acid take up 100 of pa | 
lucid calcareous ſpar, but not immediately, be- 
cauſe the ſurface, when ſaturated with the acid, 

prevents the acceſs of the acid to the internal nu- 
cäleus. Nitrated lime is completely precipitated 
by acid of ſugar in the form of a white powder, 
not ſoluble in water; of 119 parts by weight of 
this powder, 72 fall to the bottom, and 47 appear 
upon evaporation : hence it appears; that 100 
parts contain, of acid 48, of pure lime 46, and 
of water 6; fo that not only the preſence of lime 
| l 


2 he. 
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in water is diſcovered by acid of ſugar, hut 
even its quantity _ rr b . 06 be aſcer- 
tained. 
The ſaccharine acid ll hy 90 ſuch forces” 
that it ſeparates it fram every other : this combi- 
nation, therefore, cannot be decompoſed by any 
acid, alkali, or earth, hitherto known, and can 
only be decompoſed by ſire (e). wee 29h 
. Hence alſo we underſtand the 0 of "Og 
vater in the purification of ſugar. For the juice. 
of the cane contains a ſuperabundance of acid, 
which prevents the dry concretion; and even if to 
pure ſugar diſſolved in water be added the ſaccha - 
rine acid, it will not form cryſtalline grains. Now, 
nothing more powerfully attracts this acid than 
lime; and when united with it, it is inſoluble and 
either ſalls to the bottom, or floats in the ſcum: 
lime- water, therefore, affords the moſt complete 
means of effecting the cryſtallization, as it removes 
the impediment, and, beſides, may eaſily be add - 
ed in any proportion, without cmmpnirating 


1 6 ? * 


| 7 This teſt, ee is not ſo perfect as terra pon- 
deroſa for detecting vitriolic acid. Bergman himſelf (Obſ. 
on Calculus has pointed out one caſe in which it fails; 
and there are certainly others in which it acts more flowly | 
than could be wiſhed, as on ſtrong ſolutions of lime in 
acids; and others, again, in which its action is prevented 
by cauſes that have not accurately been aſſigned. I have 7 
frequently found it capricious z for ſo my ignorance obliges 
me to expreſs myſelf. | N 
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any heterogeneous matter. Many perſons have 

thought that a portion of the lime remains mixed 
with the ſugar; but if the purification be proper- 
ly conducted, the nature of the ingredients, the 
circumſtances of the operation, and, finally, the 
moſt accurate analyſis, abundantly ſhew, that there 
is not the ſmalleſt trace of lime remaining ;—good 

ſugar diſſolves totally in diſtilled water; which 
could not poſlibly be the caſe if there was preſent _ 
any lime, either crude or united with the ſaccha- 


rine acid, as either of theſe ſubſtances, whether 


alone or mixed with ſugar, js utterly inſoluble in 
water The vegetable alkali does indeed abſorb 
the acid of ſugar, but forms with it a falt not very 
difficult of ſolution, ($ 111.); and, beſides, a 
cauſtic lixivium, if uſed in too great quantity, will 
diſſolve a portion of the ſugar. In ſaccharated 


lime, the carthy baſis predpminates ; ; for, when 


boiled with ſyrup of violets, it ſrikes a green co- 
lour ( . | 


"4 


5 vil. 


(F) © Phyſicians are ſometimes heard to ſay, that the 
uſe of ſugar may be hurtful, on account af the lime uſed in 
refining it. But ſuch muſt belong to the claſs, unhappily 
too numerous, whom intereſt prompts to contend, that 
chymiſtry is of no ſervice in the practice of medicine. 

We have here alſo a ſtriking proof of the influence of 
chymiſtry in the improvement of the arts. The author's 
diſcovery cannot fail to illuſtrate the proceſs for refining 
ſugars : it had been ſuſpected that the lime attracted ſome 
3 ſubſtance, or an acid. But this was mere con- 

jecture; 
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GC vrt. Saccharated Terra Ponderoſa. e 


Acid of ſugar, ſaturated with terra ponderoſa, 
quickly depoſits pellucid angular cryſtals, ſcarcely 
ſoluble in water; boiled in diſtilled water, they 
ſplit, and yield an opaque powder; but on cool- 
ing, the ſmall portion which is diſſolved again con- 
cretes into cryſtals, containing a ſuperabundant 
acid ; for this combination never cryſtallizes, un- 
leſs the acid be predominant. Now, the hot wa- 
ter takes the ſuperabundant acid from the greateſt 
part, and therefore renders it infoluble, no more 
acid remaining than what is neceſſary to fatura- 
tion; they ſcarcely diſſolve in ſpirit of wine; 
they yield their menſtruum to lime. Saccharated 
terra ponderoſa, put into a lixivium of pure vege- 
table alkali, is covered with an opaque cruſt, and 
at length falls into a powder : the alkali is found 
eg with the ſuperabundant acid. 


jecture; and it will be 2 — the object to be accom- 
pliſned, and the manner of action of the matters employed, 
are known) to improve the mode of proceeding. The 
lime, I ſhould ſuppoſe, ſerves to ſeparate not only the ſu- 
perabundant acid furniſhed from the cane, but that alſo 
which is developed by the action of fire, or by an incipient f 
ſpontaneous fermentation of the eſſential ſalt: for, inde- 
pendently of the Joſs in coarſe ſugars, that which has been 
long kept in a damp place has been obſerved to turn yel- 
low and viſcid ( gras) inſomuch that i it t became necellary 


to 8 280 it again.” -— Moryeau. 
VIII. 


or THE ACID-OF SUGAR, gat =» „ 
§ vii. Saccharated Magneſiu. | 
| The acid of ſugar diſſolves magneſia, and forms. i 1 ; 
a middle ſalt, in the form of a white powder, ** 
which is not ſoluble either in water or ſpirit of | 2 
wine, unleſs the acid de ſuperabundant. 109 2 
parts of this ſalt contain 35 of pure magneſia, 19 Ei | 
| and of acid and water about 65: the fluor acid e 8 a — 
1 is the only one which decompoſes this ſalt; it is BD 1 
N alſo decompoſed by lime and terra ponderoſa: -- 
| pure magneſia ſeparates the faccharine acid. from . A 
alkaline falts. | | i 1 
; $ ix. | Saccharated . | 1 
| 0 parts of earth of — well 8 are G | 4 
| ſolved by digeſtion in 53 of acid of ſugar. This 3 
ſolution, on evaporation, does not produce ery- 
ſtals, but a yellowiſh pellucid maſs, of a ſweet yet 
aſtringent taſte. This, when dry, deliquiates in | 
a a moiſt air, and gains 4 of its weight: it reddens 
tinure of turnſole, but not ſyrup of violets ; it 
diflolves ſparingly in ſpirit of wine; in the fire it 1 


ſwells, the acid flies off, and leaves behind a brown 
earth,—100 parts contain about 44 of earth, and 
56 of acid and water. The vitriolic, nitrous, and | 
marine acids, the alkaline ſalts, terra ponderoſa, 
lime, and magneſia, all decompoſe ſaccharated clay. 


Iron alſo is attacked by a ſolution of thus | ſalt; and 
o X W 
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3 the iron ſeparates, united with the ſaccharine acid, 


G * 
Alum is not decompoſed by acid of ſugar ; 


neither does nitrated or a clay yield their baſe 
to it. 


5 : 15 | ; 7 
gx. Saccharated Cold. LE 


I be acid of ſugar does not act upon gold while 
in ſolution ; yet if it be precipitated by a fixed al- 
kali, and well waſhed, this acid IRE, but 
ſcarcely diſſolves it. | 


$2 xi. Saccharated Plat ina. | 


Platina | is not diſſolved, unleſs precipitated by 
an alkali, Now, the vegetable alkali partly unites 
with the diffolved platina, forming a falt very diffi- 
cult of ſolution; which therefore, upon the addi- 
tion of the alkali, falls to the bottom like a preci- 
pitate, although in reality it contains aqua regia, 
or at leaſt marine acid; therefore, to avoid con- 
fuſion, I make ule of platina precipitated by a 
mineral alkali, and well waſhed. I know ſome 
expert chymiſts aſſert, that this noble metal does 
not yield to mineral alkali z but the contrary is ea- 
fily ſhewn.—Of this we have treated elſewhere at 
ED large; therefore we return to the ſolution made by 
acid of x" : this is yellow, and * yellow 
eryitals.: 


$5 COD | | $x11. 
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xtr. Sacha ge, ² x OT 


Acid of ſugar diſſolves ſilver precipitated by a 
fixed alkali but ſparingly, and does not attack the 
metal itſelf, This .combination is moſt conve- 
niently/ obtained from a ſaturated ſolution of ſilver 
in nitrous acid. The ſilver, upon the addition of 
acid of ſugar, precipitates in the form of a white 
powder, which, when waſhed, does not change 
eveñ the tincture of turnſole; ſcarcely, diſſolves in 
water, much leſs in ſpirit of wine; yet is ſoluble 
in nitrous acid, and grows. black by the rays of 
the ſun. Acid of ſugar alſo decompoſes. vitriol 
of ſilver, but not ſalited filver, ſo far as I have 
hitherto been able to determine with n, 


S xrrt. . Mercury. 


Mercury, like the former metals, is not acted 
upon by acid of ſugar, unleſs it be partly depri- 
ved of its phlogiſton; but in that ſtate it is diſſol- 
ved, forming a powdery white ſalt, which is not 
ſoluble in water, unleſs the acid predominates, 
and grows black when expoſed to the ſun. The 
ſame ſalt may be had from mercury diſſolved in 
nitrous. or marine acid, by the addition of acid 
of ſugar, which immediately occaſions a precis 
e Corroſive ſublimate, by this method, 
4 „ | ; . : 
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light. 


*14 


yields a fine powder, but lowly, and in very 1 
ſmall quantity, which does not grow black in the | s 


1 * 


$ xiv. Saccharated Lead. 
Lead, digeſted with acid of ſugar, is corroded, 
but ſcarcely diflolved, unieſs it be calcined, eſpe- 
cially by precipitation with an alkali. This ſolu- 
tion, when approaching to ſaturation, is made tur- Ii 
bid by faline grains, which ſeparate and fall to the 1 
bottom. The ſame happens upon adding acid of 
ſugar to ſolution of lead, in nitrous. acid, marine 
acid, or vinegar : theſe cryſtals contain about 55 
parts of lead in 100; tliey do not diſſolve in ſpirit 
of wine, and ſcarcely in water, unleſs it be ſharp- 
ened by an acid. A ſolution of vitriolated lead is 
not precipitated by the ſaccharine acid. 


8 


$ xv. Saccharated Copper. 


Acid of ſugar attacks copper, even in its me- 
tallic ſtate; but with greater eaſe if it has been 
diſſolved and precipitated by an alkali. Both ſo- 
lutions form a powder of a dilute blue colour, 
which, unleſs the acid predominates, is ſcarcely 
ſoluble in water: 21 parts of copper require 29 
of acid. Copper is precipitated by ſaccharine a- 
cid, from its ſolution in vitriolic, nitrous, or ma- 
rine acid. The colour of a ſolution of this ſalt is 
> my 3 a 


nad Lal AM SR * enn * * leer N! * y Mg m_ . 3 — 
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a mixture of blue and green, the copper depoſits he 


upon zinc or iron. The acid of ſugar decompo- 
: = fes acetated copper ſo completely, that the concen- 
| trated vinegar may be ſeparately. collected, W a 
little eee with copper. | | 
; | 9 XVI. Saccharated Tron. | 9 
a The acid of ſugar attacks iron with an I 8 
-velcence, which is occafioned by the extrication 
of phlogiſton (g). The ſolution has an aſtrin- 


gent ſweetneſs; and, when made without heat, .” 
exhibits priſmatic cryſtals of a greeniſh yellow co- | 1 
lour, caſily ſoluble in water, poſſeſſing a ſuper- 
' abundance of acid, and yet ſplitting | in heat. In 
100 parts there are 55 of acid, and 45 of iron. INES 
The acid being expelled by fire, there remains 5 £ 
a ferruginous maſs marked with . greeniſh ſqua- | | 
( 2) © I do not believe that the ſeparation alone of phlo- x 5 
giſton can occaſion a ſenſible efferveſcence. This phæno-- 8 | 
menon takes place in the ſolution of metals, in proportion 
to the decompoſition of the acid, at leaſt a partial decom- TY 
poſition; whence an elaſtic fluid is produced, which unites | 
with phlogiſton, and becomes inflammable air.” Morveau. BE ' | 
Mr Kirwan would explain this appearance by ſaying, 
that the acid, in diſſolving the metal, gives out fire to the 
phlogiſton, which enables it to aſſume an aerial form; and 
if it ſhould at laſt be proved, that inflammable air is one of 
the ſtates of phlogiſton, this mull be accepted as the trus 
theory. B. | 
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mole on che ſurface, ou the nucleus In 
brown. 
Calx of iron is alſo Amed; age on Abele 
both it and the foregoing ſolution, they yield no- 
thing but a yellow powder, ſuch as is precipitated 
9 from green vitriol by acid of ſugar, and is alſo 
1 /. = N had in the preparation of the ſaccharine acid, 
F 255 when the nitrous acid employed abounds with 
iron. This powder is almoſt inſoluble in water, 
but on boiling ſeparates an ochre. 


% 


S XVII. Saccharated LOS 


—_ Tin, by the aſſiſtance of heat, is ; blackened by 
4 | the acid of ſugar, and at length covered by an hoary 

= powder : the ſolution emits elaſtic vapours, poſ- 
ſefſes an auſtere. taſte, and exhibits priſmatic cry- 
ſtals ; but when quickly evaporated. to dryneſs, no- 
a ting remains but a corneous mals, which being 
_ _—_ diſſolved, an the addition of an alkali yields a co- 
pi pious precipitate. The calx of tin is alſo eaſily 
diſſolved, and both the combinations make tincture 
of truly red. 93 85 


* 


8 v1 IT. Saccharated Biſmuth, ; 


| The regulus of biſmuth 4 is e corroded 
18 by acid of ſugar; but the calx only is diffolved.— 
7M ; I.) Ãis ſalt is powdery and white, and ſcarce ſoluble in 
= water; the metal conſtitutes one half of its _— 
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Eto a ſolution of nitrated biſmuth be added the 


ſaccharine acid, in the ſpace of an hour polygonal 
tranſparent grains concrete at the bottom of the 


veſſel, which have the ſame properties as the a- 


bove- mentioned powder, nor do they occaſion 


opacity in water, like the cryſtals of nitrated bil- 


| muy. 


$ X1 *.  Saccharated Nicket. 
The-regulus of nickel, digeſted in ache of ſugar, 


is covered with a greeniſh white cruſt, and at 
length all ſplits into a powder of the ſame colour; 
the green calx alſo aſſumes the ſame colour, even 


without heat. This combination contains twice 
as much acid as metal, The ſaccharine acid pre- 


_  Cipitates a powder of the ſame kind from nickel 
diſſolved in vitriolic, nitrous, or marine acids: 
this ſalt is diſſolved in water in ſmall quantity, 


and aſſumes a yellow colour, ſcarce tinged with 
green; and the cryſtals are of the ſame colour. 


& xx. Saccharated Arſenic. 
A in a reguline ſtate is ſcarcely diſſolved _ 


by digeſtion, but white arſenic is eaſily taken up 
without heat; on evaporation it exhibits priſmatic 
cryſtals, which, melting with a gentle heat, emit 
the ſuperabundant acid, and ſhoot into elegant 
nn, theſe eaſily diſſolve in water, ane 


144 in 
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in ſpirit of wine make tincture of turnſole red; 
are ſublimed by a gentle fire, but deſtroyed by a 
* ſtronger ; the faccharine acid firſt flying off, and | 
"then the white arſenic, with a ſmell of garlick, | 


F xx1. Saccharated Cobalt. 
Acid of ſugar attacks cobalt, either with or 
without heat, and converts it into a powder of a 
dilute roſe-colour. The ſolution is more yellow, 
and exhibits cryſtals of the like colour, abounding 
in acid, and therefore eaſily ſoluble z but the roſe- 
coloured powder, which does not change turnſole, 
is ſcarcely ſoluble in water. The acid of ſugar, 
in a moderate heat, takes up more than an equal 
weight of precipitated cobalt : on 'the addition of 
common ſalt this ſolution yields a ſympathetic ink. 
The ſaccharine acid ſeparates cobalt from all 
acids yet known, and forms ths Fan 
| ee 


$ xxII. Saccharated Zinc. 

Regul us of zinc efferveſces violently with fac- 

. charine acid, and is ſoon covered with a white 

powder: this, in 100, contains 75 of metal, and 
is not ſoluble in water, unleſs when the acid pre- 

© dominates : the calx yields a ſimilar powder, and 

on the addition of acid of ſugar to ſolutions of 

inc, in vitriolic, nitrous, or marine acids, a fie 


 Wilar powder! 18 obtained. eh 


2 9 xxIII. 


Q © 


: $ 


8 ''s XxII I. Saccharated gi diving: 


Regia of antimony grows black in digeſtion 


with ſaccharine acid, but the calx and the / glaſs 
are diſſolved, though flowly.—The ſolution, in 
which the acid is always predominant, exhibits 
cryſtalline grains, which are ſcarcely ſoluble in 


water. The acid of ſugar precipitates ſimilar 


grains from acetated , glaſs of antimony, but not 
from the butter; yet it n en from 1 


 Vitriolic acid, 1 E 


e 


$ xXIV. rt Manganiſe 1 


Magneſia nigra efferveſces with acid of ag 


.even without heat; but the ſaturated ſolution de- 
poſits a white powder ſcarcely ſoluble in water, 
- unleſs the acid be ſuperabundant. This ſalt grows 


black in the fire, but again, upon the affuſion of 


acid, is turned to a milky powder, ſuch as is pre- 
cipitated (mixed with ſome cryſtalline grains) up- 
on the addition of ſaccharine acid, from the ſa» 
lutions of manganeſe in n afcrous, or ma- 
rine acids. hates Ln 


| ; AXV, ; Eledive Attrattions of Aid of a: 


: wy 


From the preceding experiments it appears, 
that the elective attractions of acid of ſugar are as 
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Lang viz. Lime dais the ' firſt place (5 vl.); 
terra ponderoſa the ſecond (v11.); then magne- 


- fla (vir1.); vegetable alkali (111.); mineral al- 
Kali (1v.); volatile alkali (v.); and laſtly, clay 
( ix.) With regard to other acids, the ſaccha- 


rine acid yields alkalis to vitriolic, nitrous, and 


marine acids, arſenical acid, acid of fluor, and 
Phoſphoric acids (111.); it yields lime to none 
(v1:); terra ponderoſa, to vitriolic acid {v11.) ; 
magneſia, to the fluor acid (vi t I.); clay, to vi- 


triolic, nitrous, and marine acids (1%); filver 


(x11.) and antimony (xx111.) to marine acid; 

lead (x1v.) and perhaps tin (xv11.) to the vitae 
lie; but mercury (x111.), copper (xv.), iron 
(xv1.), biſmuth (xv111.), nickel (x1x.), cobalt 
(*x1.), zinc (xx11.), and manganeſe (xx1v.), 
to none, ſo far as is yet known. As to the me- 
tals, though they are ſet down by all in the table 


of fimple clective attractions, their forces being 


determined by precipitation; yet, properly ſpeak- 


ing, they do not belong to that place, as theſe 
pPrecipitations are in fact performed by means of a 
double elective attraction.— If, however, any one 


wiſhes to keep them in that place, he may take it 
for granted that they preſerve nearly the ſame or- 


PEI 


der, whatever menſtruum they are diſſolved in. 


XXVI. 
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1 *xvI. | Whether Sake Acid owes a. 
Origin to the nitrous. 


knee we have eue the . 
the acid of ſugar; it now remains to ſay ſome · 
thing of its origin: and here a queſtion firſt o- 
curs, whether it be truly and perfectly inherent in 
the ſugar, or whether it be generated during the 
boiling, by the adventitious nitrous acid? 1 do 
not deny but that, at firſt ſight, the nitrous acid 
appears to contribute ſomething to the generation 
of this acid, as all attempts to generate it without 
the aſſiſtance of that acid have hitherto failed. 1 
once thought, that the nitrous acid, being very 
greedy of phlogiſton, is by that means able, du; 
ring the proceſs, to ſpoil the ſaponaceous maſs of 
ſugar ſo far of its inflammable principle that it can 
at length give out its falme principle alone; yet T 
never could accompliſh this end, either by diſtil- 
lation of ſugar, or detonation with nitre; by di- 
geſtion or decoction with vitriolic or dephlogiſti- 
cated marine acid; nor finally by manganeſe: 
however, although the experiments hitherto tried 
have proved fruitleſs, we are not authoriſed to 
_ conclude that there is no poſſible means of extract · 
ing the acid of ſugar without the help of nitrous 
acid; at leaſt, it cannot be proved by any proba- 
ble, much leſs concluſive argument, that nitrous. 
ow nnen, of the acid of 


ſugar o 


at > 1 k — 
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fſugar.— Sugar is either ſpontaneouſly or artificial. 
ly ſeparated from certain vegetable juices, and is 
therefore conſidered as an effential ſalt : now all 
ſuch ſalts, as we know, poſſeſs acids peculiar to 
themſelves ;/ it will therefore hardly be denied that 
the ſame is the caſe with reſpect to ſugar, though 
we were ignorant of any other proofs. In com- 
mon ſugar, the ſuperabundant acid is carried off 
in ſuch a manner during the preparation, as to 
[eſcape the notice of our ſenſes : nevertheleſs thoſe, 
converſant in chymiſtry can entertain no doubt 
concerning that which remains (). 
We conclude then that an acid does exiſt in 
_ ſugar: it remains to enquire, whether this be al- 
, tered by the nitrous acid. 
If we examine the operation with all due atten- 
tion, we. ſhall find that nitrous acid has ſuffered 
no other change than the following : it grows red, 
being loaded with phlogiſton, it becomes more vo- 
latile and more weak, and a part of it aſſumes 
the nature and properties of that elaſtic fluid now 
_ diſtinguiſhed by the name of nitrous air: again, 
nothing more is required than that the eſſential 
acid entangled in the oily part be ſet at liberty, 
and this is obtained in an highly active ſtate, 
(51. 6), although ffill loaded with fo great a 
quantity of phlogiſton as to exhibit cryſtals, while 
other acids, being deprived of that principle, are 


60 The acid of refined ſugar is developed ſo as to make 
a ſenſible impreſſion on the teeth. Morveau. 
ö always 
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we ſhall find that it 1965 not reſemble the nitrous 
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always fluid; and this ſolid ſtate is competent to 
ſaccharine acid, even when further ee bod 


phlogiſton ($ 111. I.) (i). 


If we conſider the nature of the ok of, wo 


1 If i be in Were FAY that he eee 
the acids is owing to phlogiſton alone, neither the ſeda - 
tive nor the phoſphoric acid, in a glaſſy ſtate, nor that of 


arſenic, can be free from it; yet the two laſt form with it 
ſolid ſulphur, as well as the vitriolic ; and the ſolidity is 
probably owing to the ſame combination. On the other 


hand, a fluid form is eſſential to marine acid not dephlo- 
giſticated; vinegar, though loaded with unctuous mat- 


ter, cannot be obtained concrete; nitrous acid is changed | 


by phlogiſton into gas, and the volatile vitriolic acid pre- 


ſerves its fluidity. It appears indeed, that theſe laſt - men · 


tioned combinations are modified by air, which cauſes the 


difference between ſulphur and the ſulphureous acid 
but theſe obſervations ought not the leſs to guard us againſt 
' generalizing the principle. The analogy obſerved by the 


author may be very juſt, when conſidered with reſpect to 


ſome, particular phenomena ; and it is very poſſible that 


the fluid vitriolic acid may harbour as much phlogiſton as! 
cryſtals of the ſaccharine acid before calcination: the more 
or leſs deſtructibility of a compound does not always indi- 
cate the proportion of the conſtituent parts: laſtly, the 
fluidity of acid is a real ſtate of fuſion, like that of mer- 


cury; this idea, which I had not conſidered (I. c.) but 


with reſpe& to its connection with the general ſyſtem of 
the properties of bodies, is confirmed by the fine experi- 


ments of the Duke d' Ayen, on the congelation of the vi- 
triolic acid in a temperature 15 degrees below the freez- 


jag point vo or 3 below o of hae ae CEOE Ha 
es i | 1 Morveau. 


4d 


_ acid in any other inſtance than thoſe properties 
which are common to all acids: beſides, it expels 
the nitrous acid from lime, terra ponderoſa, mag+ 
neſta, and metals (5 xxv.); yielding to the other 
acids nothing but alkalis (F 111. While the 
nitrous acid produces ſalts, either deliqueſcent or 
eaſily ſoluble, acid of ſugar yields ſuch as are 
ſcarcely ſoluble in water (§ vt. VIII. XII. xV. 
\. XVI. XIX. XXI.). Alkalis, when nitrated, de- 
tonate with | ignited phlogiſton; but, when 
ſaccharated, ſhew not the leaſt ſigns of deflagra- 
tion, which they evidently do upon the addition 
of the ſmalleſt particle of nitrous acid. The ni- 
trous acid corrodes tin and antimony, but ſcarce- 
ly diſſolves them, while acid of ſugar readily acts 
upon them: phlogiſticated nitrous acid, united 
with vegetable fixed alkali, deliqueſces, does not 
form cryſtals, and is readily expelled by vinegar, 
or even by acid of ſugar, ſtill more loaded with 
phlogiſton: all which circumſtances by no means 
take place with reſpect to the fixed vegetable al- 
kali united with acid of ſugar. Many other diſſt - 
milarities will occur upon compariſon, ſo that theſe 
acids are of a nature not only unlike, but in many 
inſtances diametrically oppoſite. If any will attri- 
bute all the difference to phlogiſton, I will not 
deny, that that ſubtile principle forms a wonder- 
ful ſource of difference; but the differences which 
take place here can by no means be attributed to 
this when properly examined. The nitrous acid 
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OF THE ACID OF SUGAR 235 
is weakened, and made far more volatile, by . _ \ 
union with the phlogiſton ; the acid of ſugar much 
more fixed, even when loaded with ſo great a ee 
quantity as to be cryſtallizable ;—it almoſt every | | 
where expels the ſtrongeſt nitrous acid, as experi- „ 
ments ſhew; beſides, the phlogiſticated nitrous | - 
acid produces, with the very ſame matters, com- f 0 I 
pounds totally different from thoſe with acid of 'Y 
ſugar. Nothing can be judged from circumſtan- 
ces which are unknown, forged, or at beſt poſ- 
ſible — and among all the facts yet known, con- 
cerning the acid of ſugar, we can find no ns. of 
its being derived from the nitrous acid. 
However, let us enquire more deeply; let us 
vfincipally. conſult nature, not indifferently and 
lightly, ſupplying the deficiencies, with fiction, 
but candidly and properly, by apt and accurate 
experiments, otherwiſe her anſwers, like thoſe of 
the oracles of old, will be either deluſive or am- 
biguous. 66 Wi 
But, by . means the acid of r 3 
produced, it muſt be conſidered as diſtin& and 
different from all others, being always eſſentiallß 
and ſpecifically the ſame. Its ſingular properties, 
ſome of which are of conſiderable uſe in chymi- 
ſtry, ſhew that it deſerves the moſt particular at- 
tention : from the time of Stahl, many conſider- 
ed the nitrous. and marine acids as generated from 
the -vitriolic ; but if all confiding in this theory 
Ge yet is contradicted by daily obſervation).  _ 
had ; 
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- had neglected the nation, of thoſe. acids, 
conſidering them as ſubordinate. and derivative, 
wee ſhould be to this day ignorant of many ſingu- 


cipally becauſe many conſidered theſe acids as 
diſtinct and ſeparate ſubſtances (I). 


Mr Schrikel has obtained it by repeated diſtillations and 


with conſiderable force? yet the author failed, as he did 
alſo in attempting to dephlogiſticate the ſaccharine acid 
by means of the dephlogiſticated muriatic acid. The expe- 


The Abbe Fontana has obtained an acid perfectly like 


8 Mr Watt of * was, IL un- 


ET) 4. | a 
9 9 Ne. 


lar facts, which by degrees were diſcovered, prin, 


(4) To the hiſtory of the Acid of Sugar, accident, and 5 
the enquiries of later chymiſts, enable me to make addi- 
tion. Profeſſor Murray, of Gottingen, has affirmed, that 


congelation, without uſing any nitrous acid. M. Mor- 
veau, from whom I learn this, adds nothing further con- 
-cerning the proceſs. Was it in this caſe procured by diſ- 
tilling ſugar with the black, calx of manganeſe, or the calx 

of lead, ſubſtances which attract the inflammable principle 


riments, however, mentioned by Profeſſor Murray, fur- 
niſh an irrefragable argument of the eſſential difference be- 
tween the nitrous acid, and that of ſugar. Though the 
author's reaſoning, by every unprejudiced perſon, will be 
thought to prove this abundantly, there are ſome chymiſts 
of note, and teachers of chymiſtry, who maintain, that 
the ſaccharine acid is nothing but nitrous ſulphur. 


that of ſugar, and ſaccharine ſubſtances, from all the gums 
and reſins.” (Journ. Phy. tom. x11. p. 182. and tom. xiii. 
Lo 23.). Morveau. © 

'T have heard that it has been procured from oils ; but 
the moſt intereſting diſcovery of this ſort was made by 


derſtand 
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derſtand, making ſome experiments relative to ink, when 
he obſerved a number of bodies floating in the fluid, which 
had the ſhape of cryſtals of the ſaccharine acid, and upon 
examination were found to be really ſuch: he found, by 
adding nitrous acid to galls, and conduQing the proceſs in W 
the way recommended by Profeſſor Bergman, that theſe - 
aftringent bodies contain the acid of ſugar in greater a- 
bundance than the ſubſtance from which it derives its 
name. I cannot be certain that theſe circumſtances took 
place exactly as I deſcribe them, but I have reaſon to ſup- 
poſe that this account is near the truth B. The acid yield- 


ed bye an infuſion of galls, or by diſtilling them̃, according 


to a late diſcovery of Scheel's, is probably only a modifi- 
cation of the ſaccharine acid. 

As to what is ſaid eoncerning acid of ſugar, procured 
by diſtillation and congelation, Dr Murray, or Mr Mor 
veau, muſt have miſtaken the matter, Mr Schrickel did 
obtain an acid, by diſtillation, but very different from Berg- 
man's, as may be ſeen in a paper of Crell's, among Mr 
Scheel's Eſſays. To obtain acid of ſugar, without vital 
air, or nitrous acid, would he a fact of n W ® 
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Fr. Parious Uſes of Alum. 


«A TATURE produces but a very ſmall quantity 
of native alum and this is mixed with he- 
terogeneous matters, or effloreſces in various 
forms upon ofes during calcination; but rarely 
occurs cryſtallized. In this latter ſtate it is re- 
ported to be found in Egypt, Sardinia, Spain, 
Bohemia, and other places; I have ſometimes 
ſeen it generated in the aluminous ſchiſt of Lap- 
land and Weſt Gothland, by a ſpontaneous de- 
compoſition of the ore; befides, it is found diſ- 
ſolved. in the aerial waters: it is found, but very 
rarely, in fountains, and in hot medicated waters. 
After having conſidered the various uſes of this 
| | $ fk, 
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alt, we ſhall examine at what time: it firſt began 
to be artificially prepared. 

In the diſpenſatories, alum enters many 1 
rations, liquors, collyria, gargles, plaiſters, bo- 
luſes, pills, powders, and others: by its mild aci- 
dity it coagulates milk; and it, beſides, policies | 
a remarkable aſtringent power. 

In the arts alſo, and the cxconomy of private 
life, the uſe of this ſalt is very frequent; it is add- 
ed to tallow to make candles hard. Ihe printers 
cuſhions are rubbed with burnt alum that the ink 
may ſtick z and tor the ſame reaſon: the inſtru» 
ments uſed for printing linen. Wood ſufficiently | 


' ſoaked in alum does not eaſily take fire: the ſame 


is true of paper impregnated with it; which, for 
that reaſon, is very proper to keep gun-powder, 
as it alſo excludes the moiſture of the air. Paper | 
impregnated with alum is uſeful in whitening ſilver 
and ſilvering braſs without heat; it is uſeful, add- 
ed to milk, which does not eaſily ſeparate its but- 
ter; in the conglutinating of ſeveral ſubſtances ; 
in making the pyrophorus ; in tanning; and mas 
ny other manufaQtures. 

In the art of dying it is particularly uſeful, in 
the preparation of the matters to be dyed; for by 


cleanſing and opening the pores upon the ſurface 


by a gentle corroſion, it both renders the ſubſtance |, 
fit for receiving the colouring particles (by which 


the alum is generally decompoſed) and at the ſame 


time makes the colour fixed. es ; 
Y 2 | n 
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It conſtitutes the baſis of crayons, which gene- 
95 — conſiſt of the earth of alum, finely powdered 
and tinged for the purpoſe. This it is which, in 
the preparation of Pruſſian blue, prevents the baſis 
of the martial vitriol, which is ſoluble: in acids, 
from being precipitated by the ſuperfluous alkali; 
that is, the alkali not ſaturated with the colouring 
matter. As this baſis adheres more ſtrongly to the 
vitriolic acid than the clay does; and as, by the 
mixture of its yellowneſs, it would form a green, 
the very white earth of alum alſo, according to its 
quantity, dilutes the darker colours, even black 
itſelf, and produces infinite degrees of intenſity: 
It is c ene of its uſeful ns 


byte Brief Hiſtory of 05 Prepuration [4 


Alum. 


The orvmryprce of the Steck, add ia TAY 2 
the Romans, was a native ſubſtance, and differed 
much from the falt which now goes by thoſe 
names. The varieties of alum mentioned by Dio- 
ſcorides refer to ſtalactites, which contained very: 
little, if any, alum; and that completely envelo- 
ped by a vitriolic matter. The deſcriptions of Pli- 
ny are ſtill more difficult to be underſtood, as he 
had not ſeen the ſubſtances, the deſcription of 
which he undertakes, but card irandcrived an 
the writings of others. 
The eng ſalt, which is now called den 
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Las firſt diſcovered in the eaſtern countries} but 
hen, where, and by what means, is unknown. 


On account of its ſimilarity i in aſtringeney, and its 


uſe in the arts of tanning and dying, the mew ſalt 


has retained the old name, which was afterwards 


called miſy. _ alete, or ſhoe.- maker“ 's 


black. 91 1 1 481 — 4 71% 4 1 „n 
Sf Among the moſt early works eſtabliſhed! for the 
preparation of alum, we may juſtly number that 


of Roccho, a city of Syria, now called Edeſſa — 


hence the appellation of Roch alum, a name which 
1s generally” ſo ill underſtood, that many to this 


day imagine that it is the ſame as rock. alum. In 


the neighbourhood of Conſtantinople there were 
many alum- works, as alſo at Phocæa Nova, now 
called Foya Nova, not far ' diſtant from Smyrna. 


The Italians hired arid made uſe of many of theſe ; 


but about the middle of the 15th century, they 


introduced" the” art into their own country, and 
that with the greater carneſtneſs, as the uſe of the 


falt became more frequent, and occaſioned the 
drawing large ſums of money out of the'country. 

Bartholomew Perdix, or Pernix, a merchant of 
Genoa, who had often been at Rocha, diſcovered 
the matrix of alum in the Hland of Iſchia, about 
the year 1459, and ' eſtabliſhed 4 manufactory 
there; at the ſame time John de Caſtro, who had 


viſited the manufactories at Conſtantinople, diſco- 
vered a matrix at Tolfa, by means of the itex a- 


— which he had alſo obſerved to grow in 
3 the 
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the adjacent mountains of Turkey; and his opi- 
nion was confirmed by the taſte of the ſtones, 
The attempts made by the Genoeſe at Viterbium 
and at Volaterre, ſucceeded extremely well: the 
preparation of it in Italy ſoon increaſed wonderful- 
ly faſt ; and the induſtry of the natives was much 
ſtimulated by an edict of Pope Pius II. prohibiting 
the uſe of oriental alum, and appropriating the 
revenue ariſing from that made in Italy a r. 
ing on the war againſt the Turks. 

But the art was not confined to Italy: in the 
I6th century a manufactory was eſtabliſhed at 
Alcmaron i in Spain, in the Sr nota of Gat 
thagena, which till ſubſiſts. 
here were many manufaQories in — in 
1544, of which that at Schwemſel in Miſnia ſtil 
remains. Long fince, in the time of Agricola, 
alum was boiled at Commotau in Bohemia. x 
The firſt manufaQtory in England was eſtabliſh- 
ed in the reign of Elizabeth, ac dr ee by 
one Thomas Chaloner. 

The art of preparing alum. made its way, into 
Sweden very late; and although we haye now no 
leſs than ſeven manufactories, not one of Ms way | 
founded before the 159th century. | | 

The moſt ancient, eſtabliſhed in "honing at FR 
_ drarus in 1637, had twenty-two fingle, or twelve 
double boilers. (We ſhall ſee hereafter what is 
meant by double and fingle boilers) In this place 
the ſtratum of aluminous ichilt is very deep, be- 


ing 
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ing upwards of 360 feet; but all the boilers. are 


not uſed every year. In the year 1763, 2,735 


ton of alum were manufactured; in 1766, 3, ogg; 


in 1767, 2,423; and in 1768, 4 ton of 
alum weighs 344 lb. 

At Lofver, near Calmaria, in Smoland, ae” A 
manufactory was built in the year 1721; there 
were employed in this, beſides one boiler for pu- 


rification, only four double. boilers, : althaugh the | 
patent allowed five; much inconvenience: being 


occaſioned by bringing the mineral from Qeland, 


and by the ſcarcity of wood, | In 1705, eee . 


made. 1,020 ton; in 1766, 926 and in 1767. 
800 the average far ten years was 1, o00 ton. 


In Weſt Gothland there are four; the firſt at 


Mulltorp, near the town of Schafde ; this has on- 


ly two ſingle boilers, and the ore is in the neigh- 

bourhood. In 1765 there were mage go ton; 
in 1766: no more than 71.  - "4 

At about half a mile's diſtance from Claes in 


the diltrict of Dimbo, a patent was granted in 
1726, for three ſingle boilers; in amen 
157 ton; in 1766, 390. 

A third at Kaſvelas obtained, in 1748, a parent 
for two ſingle boilers; to which, in 1765, were 


added two more ;—the ore is diſtant a quarter; of 
a mile. This produced, in 1763. * my and 


in 1766, 293. 


Ling fourth at Henſzter i in Kinekull, n | 
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right of two ſingle boilers in e ue ore i 
nd. the neighlbourh od. 
The greateſt manufactory Was eſtabliſhed at 


ang in Nericia, in the year 1766, with a 


privilege of ten ſingle boilers, which was inerca- 
ſed to thirty in 1769. Here, while the matrix is 
burned, the boiling is performed by means of a 
peculiar conſtruction of the furnaces; and whe- 


ther we conſider this manufaQtory with reſpect to 


the greatneſs of the works, the convenience of 
the apparatus, or the goodneſs of the alum (which 
even excels the Roman), we muſt acknowledge that 
it is beyond compariſon ſuperior to them all. 
The diſtrict of Ljung, in- Oſtro Gothland, has 
had for many years a pitvilege of boiling alum; 


but the work has not yet been ſet on font. 


Every thirtieth ton goes to the royal revenue. 
A fingle boiler: is 5 feet- in breadth, 11 in 


length, and in depth at the front 3, at the rear 


22 and contains 1,663 kannes, and 6 quadrants. 
The double boiler is of the ſame depth and length, 
but is ten feet broad, and m 3,025 a. 


180 In 1. Prorimate Principles of Pare Alum. . 
675 mi is an imperfect middle falt; anvil 


ing of vitriolic acid and pure clay; it takes up a 


conſiderable quantity of water in cryſtallization 3 
We . the Peel be * interrupted, yields oc- 
tacdral 


as Hater do 44 evp of T wadgit bas rn 


(8) The acid is a little ſuperabundant, ſo as to 


redden the tin ure, and even the paper of turn 


ſole... This exneſs of the acid is eſſential; for, up- 


on taking it away, all the taſte, all the ſolubility, 
and all the original properties::of.. | the, galt, are 


loſt (a): Al $53 115g 1 76: * Bt >& 277-461 herrin 


he proportion of the principles is aſcertained 


in the following:! manner the Water is expelled 
by a gentle heat; the ere eee 


eqn ob yinaeg alt o ens wks 


* 
1 181 


(a) M. Morveau wilt not admit a PU. eee of 
acid in alum : he thinks it would be neceſſarily ſeparated 
by edulcoration and cryſtallization, when it is no longer 
held by its affinity with the earthy baſe, or the ſalt itſelf, 
when it is formed: He thinks, that the change of blue 
vegetable Juices to red is not an unequivocal proof of the 


| {preſence of an uncombined acid, an opinion which Mr 


Kirwan, has alſo-adopted. In the preſent caſe it ſhould 
To remembered, that we have .certain proof that a portion 


| of vitriolic acid 'adheres to the clay leſs tenaciouſiy 


che lewainder- If a piece of iron he put into a ſolitlow 
neee eee. and 
the vitriolated clay will fall down inſoluble. Nom we 
may preſume, that this looſely  adheripg acid produces the 
change on blue vegetable juices; —the ſame thing is true 
of phoſphorated calcareous earth. A ſolution of this falt 
will yield the ſuperabundant acid to à baſe which attracts 
it with far leſs/power, and then the middle ſalt” will be 
precipitated inſoluble; ſo that, in both theſe caſes, a 
guantity of acid above that Which is required to attain the 


5 preciſe point of faturation, is neceſſary to ſolution and 


ne B. 4 
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tacdral cryſtals;:which-are tranſparent-and colour- 
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{wells, foams, and at length remains quiet, ſpon- 
gy, and friable. The quantity of earthy baſis may 

be determined by precipitation with fixed or vola- 
tile alkali. In this way, 100 parts vf cryſtallized 
alum are found to contain 38 of vitriolic acid, 18 
of clay, and 44 of water: let it be obſerved, how- 
ever, that the \ earthy precipitate is not totally de- 
prived of its acid; for when the alkali is added, 
the ſuperabundant acid is firſt taken up, and thug 
but not quite abſtracted ; and hence the precipi- 
tate, by the aſſiſtance of fire, partly decompoſes 
feveral falts; and long continued digeſtion in an 
alkaline Iixtyiuma,” is neceſſary to ſeparate all the 
TOTO nt 

(c) Chymiſts. have differed in opinion concern · 
ing the nature and proper name of the earth of 
alum. Meffrs Geoffroy and Hellot firſt extracted 
it from common clay; Dr Pott did the fame, but 
ſeems to conſider it rather as a production than a 
ſeparation: at length the celebrated Margraaf, by 
experiments which deſerve well to be attended to, 
demonſtrated that all clay upon the ſurface of the 
earth conſiſted invariably of two principles mecha- 
nically mixed, one of which forms the genuine 
carth of alum, which is perfectly different from 
ealcareous, gypſeous, or metallic earths, and from 
magneſia. I am not certain whether this may be 
derived from the calcareous earth : to Borg 


ments 
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ments of different forts, but have not thence been 


able even to form à conjecture. Vague ſimilitudes 
in certain properties are never ſufficient to deter- 


mine a perſon who. carneſtly ſeeks for truth, and 
is not ſhackled by hypotheſis. Since then the 
earth of alum is found to poſſeſs different proper: 
ties from other earths, it ought to be diſtinguiſh» 


ed from them; and, ſuppoſing it in reality deti- 


ved from the calcareous or any other known rarth, 
yet it requires the addition or abſtraction of ſome 


other principle ; for the bare change of magni - 


tude or ſigure in the particles will never account 
for ſo great a difference; and therefore the ptimi- 
tive and derivative earths (ſuppoſing them to be 
ſo) muſt be conſidered as diſtinct and ſeparate. 


Beſides, as an equal quantity of the earth of 
Wind! may be extracted from à given common 


clay, by means of different acids, it muſt be only 
mixed with theſe clays; for if it ws generated by 


the menſtrua during the operation, it would no 
doubt vary both in quantity and quality, accords 


ing to the differences of the menſtrua : but the 


moſt accurate experiments prove the contrary, 


as they always procure the earth of alum the ſame 


in quantity and quality, and the very fame” reſis 
duum; and ſyntheſis, n this caſe, produces full 


conviction: for if the earth of alum, and a due 


proportion of ſiliceous earth finely powdered, be 
added together, they regenerate common clay. 
l P „ 4 85 2 +; It 


* 


Ac 


lt may be aſked, why the baſe: of Aum is co 

ſidered as a pure clay — The anſwer is, That 
earth which is called clay is chiefly diſtinguiſhed 
by its tenacious and plaſtic quality when moiſten- 
ed, by its cracking hen dried and finally: by its 
acquiring a flinty hardneſs in the tfire. Now, 28 
theſe ſpecific properties do not depend upon the 
ſiliceous particles, (which are not capable of be- 
ing either ſoftened: or hardened);- but ſolely upon 
the earth of alum, it appears moſt evident, that 
the ſiliceous particles might be abſent; and the ar- 
gillaceous nature remain; and that therefore the 
reſiduum is that which conſtitutes the argillaceous 
nature. Pure clay, it is true, may occur in the 
bowels of the earth, but very rarely free from all 


- filiceous particles; and the variety in the propor- 


tion of this latter ſhew plainly, that its preſence 
is only accidental: for the pure clay is very ſub» 
tilely divided, and very readily mixes with and ad- 
beres to heterogeneous matters, as will readily 
appear upon examination; yet it is remarkable 
for the intenſity of its properties. Thus common 
clay often contains +, or even + and upwards, of 
ſiliceous matter; yet the ſmall portion of pure 
clay which is preſent is able to impreſs its own 
character, and communicate its own qualities, to 
the whole maſs, ſo completely that no one can 
doubt of its argillaceous nature. By commen 


conſent, that earth which, by mechanical waſhing 


without the addition of an acid, depoſits Wee 
a of 
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e 70 lb. in 100 1 matter, is called clay. | 


Now, it is evident that this foreign ſubſtance, by 


the largeneſs of its quantity, muſt temper the qua- 
lities of the pure clay. The argillaceous earth 
contracts hy heat very much, even to half its 
bulk: bende, If ut be uſed for cieling or plaiſters 
ing, it neceſſarily cracks, and ſeparates from the 
walls, when a ſufficient degree of heat takes place; 
nor can it adhere to them, unleſs when fuſed, an 
operation which pure clay cannot be made to un- 

even in the focus of a concave mirror; but 


the addition of ſiliceous earth reſtrains the propen- 


fity to contraction in the whole maſs, ſo that it re- 
mains of due dimenſion; and this property is well 
known. to builders, who conſtantly avail them- 
ſelves of it (G). He who attempts to make well 
GE * carth of alum wy wg On it with 
SEES thai Hed ö > 285850 
260 « Clay 0 much burned as to ſtrike fire 5 the 
fame. effect as flint; which proves, either that flint ſerves. 
like any other matter not capable of contracting, or that 
by burning clay approaches the nature of flint: it certainly 
undergoes a conſiderable change 1 in the fire, as it loſes the 
property of being diffuſible in water. Such facts, known 
only by means of manufactures, afford very little inſight 
into nature, till chymiſtry has examined them carefully.“ 
Morveau.— That clay does not change its nature by being 
burned, appears evidently from an experiment with which | 
M. de Morveau was ſeemingly unacquainted :—if hardened * 
Clay, ſuch as cannot be treated with water, be diſſolved in 
vitriolic acid, and then precipitated, it regains its former 
9 and may be diluted by water. B. 2 


8 4 


1 


common 
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common clay, either confounds the clays with , 
others, containing not a particle of clay, or 
bas never made the experiment.— The ſame is 
true of other pretended qualities: alum ſwells, 
of all its acid, and the precipitating alkali adhe- 
ring to it, does not fuſe with calcareous earth, 
without the addition of a flinty matter, as the cele- 

brated Macquer has ſhown; but we muſt take care 
that the calcareous earth contains no flinty matter, 
which ſometimes happens ;. for in this caſe the ex» 
periment will tail, becauſe the ſmalleſt particle of 
flint communicates a _ © ee 
two ingredients. 

() 100 parts of cryſtallized alum requires, in 
2 mean heat, 1,412 of diſtilled water to diſſolve 
them, but of boiling water only 75; ſo that a 
kanne of water, in a moderate heat, takes up 
2,992 grains of alum, and by a boiling heat 
56,333-—This ſolution has a ſweetiſh altringent 
taſte. 

The fpecific gravity 1 alum, computed from 
che increaſe of bulk, or of diſtilled water into which 
it is put, is 2,071, it the air · bubbles produced 
during the ſolution be removed; but if they are 
taken into the computation, 1,757. This air is 
not taken away by the air-pump ; but if heat be 
applied during the ſolution, it flies off, and upon 
examination is found to contain nothing but acrial 
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2 ; a. Alwminous Ores. 3 
bent eres d whe a artificially prepa- 


red are of two kinds; the one contains the alum 


already formed, the other its proximate principles, 
which unite on roaſting. Theſe muſt be conſi- 
dered ſeparately z—and we ſhall firſt examine the 
latter ſpecies, as being belt known, and moſt fre- 
_ quently met witz. 

(A) The aluminous chi is noihing more e than 


an argillaceous ſchiſt impregnated with a dried pe- 
troleum, and thereby rendered black. The oil is 


eaſily extracted by diſtillation : if, by means of 


menſtrua, we analyſe it entirely, many ingre- 


dients appear; namely, an argillaceous martial 
ſabſtance, often amounting to 4; a ſiliceous, 
forming 3; and generally alſo a ſmall portion of 
calcareous earth and magneſia; the reſt is all py- 


ritous. | 

During the roaſting, the bituminous part is ex 
pelled, and the pyritous decompoſed ; fo that a 
part of the acid adheres to the iron, and the reſt 
to the pure clay: hence are produced at once 


alum and green vitriol; and if there be preſent 
any calcareous earth, or Pee h wy are vi- 
tfiolated. 

Nothing ſaline is extracted by 1 
ſchiſt before the roaſting, though it be well pow 
dered; nor can the taſte diſcover any veſtiges of 
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a ſaline matter: hence alſo it appears to be gene- 
rated during the operation; and for that purpoſe 
nothing ſcems to be neceſſary but the preſence of 
a pyrites; this ſametimes- ſhews viſible nuelei of 
different ſizes, but is generally diſperſed through; 
the whole maſs, in the form of very minute par: 
- ticles; the goodneſs, therefore, of the ore, is to 
de eſtimated by the ſuitable e _ 
diſtribution of the pyrites. 

That which contains the pyrited is copiutiy; 
that it is viſible, is rejected, there being too much 
iron in it in the mean time, the moſt denſe and 
ponderous i is moſt eſteemed; the weight manifeſt · 7 
ly diſcovering a pyrites, without which no alum is 
obtained. In this point there generally occurs a 
conſiderable difference, which ariſes, doubtleſs, 

from the unequal + diſtribution. of the pyrites: 

hence a ſtratum adjoining to one of the beſt kind, 
is often of little or no value. The ore which pro- 
duces leſs than 4 lb. in 100 does not, * us; pay: 
the expence of the proceſs. 17 

Sometimes this ore produces falts dint che 
application of fire; but we muſt obſerve, that in 
this caſe it is never ſound, but has eo more 
or leſs of a ſpontaneous calcination. - . 

A ſmall piece expoſed to fire upon a coal witha a 
1 often decrepitates; but when once 
made thoroughly hot, it ſmokes, with a bituminous 
ſmell, and eaſily melts :—with mineral alkali it ef- 
ferveſces violently, and is divided, but not entire- 

. 5 ly 
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u difflved: it is taken up (though flowly) by the 
microcoſmic ſalt; but more quickly by borax: 
theſe phonjcmiens: are calily e from its com- 
poſition. \ 5 
I This ore is ſometimes found naturally divided, 
and heaped together, under the forms of grains, 
or of coarſe powder; but it agrees war * former 
in nature and properties. 

() The other ſpecies of ore, which not only con- 
ui the proximate principles, but contains them 
united, is only found in volcanic countries; ſuch 
is that which is employed at Tolfa, near Cincelles, 
for boiling that ſpecies of alum which is called Ro- 
man alum ;—it is probable that this had been long 
hardened by the ſubterraneous fire, and penetrated 
and whitened by the vapour of the phlogiſticated 
vitriolic acid (c): a ſtony maſs, with veins of 
quartz, and extremely hard, is alſo found in that 
country; that which is void of flavour very rarely 
| profongs alum upon elixation. _ 
It ſometimes, though rarely, contains. calca- 
| reous particles. I have ſeveral pieces, weighing 
in the whole at leaſt half a pound, in which there 
is not the ſlighteſt trace of any thing calcareous; 
—upon burning, it does not exhibit the leaſt re- 
ſemblance to lime; for it neither generates heat 
with water, nor falls into a powder, but only 


* 
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cracks ſo much as to aſſiſt the effloreſcence 4 
lixation. - | 

When examined 1 the — it does not 
flow of itſelf; with the mineral alkali, at firſt it 
ſhews a momentary efferveſcence, but is not divi- 
ded, much leſs diſſolved; with borax and microcoſ- 
mic ſalt, it efferveſces, and is at length all taken 
up, exactly in the ſame manner as burned alum. 
Theſe phænomena abundantly ſhew, that the alum 
is ready formed, but inveloped in a large quan- 
tity of clay. This mineral, therefore, reduced 
to a ſubtile powder, and treated in the uſual way 
with vitriolic acid, is almoſt all converted into 
alum, which could not be the cafe with calca- 
reous earth. I found that the ſmall portion which 
remains is more frequently ſiliceous than yr 
ſeous (d). 

At Solfatara, near Naples, the old lava is at 
preſent whitened by the phlogiſticated vitriolic a- 
cid, the clay 1 is changed into alum, the maſs efflo- 
reſces, and is reſolved into a white earth, from 
which a ſaline matter is extracted by water. I 
£gxatnined 100 of the white Sn; and found in it 


(4) © As to Mr Maggs it does not contain 
alum perfectly formed ; but is a combination of nearly e- 
qual parts of clay and ſulphur, which is reduced to alum 
during calcination, by expoſure to air. He likewiſe found | 
a little martial earth, to which he aſcribes the reddiſh co- 
lour of the alum, and a little vegetable alkali.” (Journal 

Phyſique, Supplement, p. 338.). Morveau. | | 
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8 lb. of perfect alum, beſides 4 of pure clay, and 
the reſidue was ſiliceous: but this proportion mult 


be variable, as rain diſſolves and carries off the FP 


ſalt ; ſo that the proportion of ſiliceous matter con- 
tinually encreaſes, and perhaps in ſome parts the 
alum is entirely waſhed away. | 

(c) There are found alſo other varieties of alu- 


minous ores. In Haſſia and Bohemia, this ſalt is 
obtained from wood impregnated with bitumen. 


At Helſingborg, in Scania, a turf is found, con- 
ſiſting of the roots of vegetables, mixed with nuts, 
ſtraw, and leaves, often covered with a thin py= 
ritous cuticle, which, when elixated, yields alum 
nay, the ſulphureous pyrites is generally mixed 


with an argillaceous. matter, which may be ſepa» 
rated by menſtrua. To that at Dylta, in Nericia, 


when ſulphur 1 is firſt obtained by diſtillation from 


the pyrites, and afterwards from the reſiduum ex- 


poſed to the air, till it effloreſces, a green vitriol 
is elixated; at length, from the magiſtral lixi- 
vium alum may be obtained: for the vitriol being 
ſeparated by cryſtallization, there remains alum, 


together with vitriol ſo much dephlogiſticated, that 


it cannot concrete; the baſe of this, therefore, 
was ſeparated by the alkaline lixivium; and the 
ſolution, properly evaporated, yielded alum. ö 
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c v. 7h he Preparation of Alum includes a Num- 
; ber of Operations. 


Aſter the Pergeldg obſervations, we mall de 
able the more eaſily to underſtand the different 
circumſtances neceſſary for the preparation of 
alum. The mechanical parts of the proceſs I paſs 
over, as not immediately belonging to our ſub- 
ject. The firſt chymical operation which occurs 
is one of the chief; namely, the preparation by 
which the matrix is either made aluminous, or at 
leaſt fit for elixation : the next is, the extraction 
of the alum by water, then the cryſtallization, and 
finally the depuration ; unleſs all the operations be 
performed both with {kill and accuracy, the alum 
obtained will be deficient either in quantity or qua- 
lity : we ſhall therefore examine them all ſeparate- 
ly, and, by diving as far as poſlible into the nature 
of them, diſcover the circumſtances 2 8 05 to be 
attended to. 


5 vi. The Calcination and Roaſting of the 


| The bituminous ore, in its found and natural 
ſtate, contains indeed the vitriolic acid, and the 
argillaceous matter, but not yet combined. In 
order that the pyrites may yield its acid for that 
end, it is neceſſary that it ſhould be deſtroyed; 
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and this may be effected, either by a flow ſponta- 
neous calcination, or by N which ſk re · 
uires leſs time. | 
(4) The deſtruQtion of the e 
that its ſulphur may be deprived of phlogiſton; 
for when that is diſſipated, the vitriolic acid being 
ſet at liberty, attacks partly the iron, partly the 
clay: the vitriol generated is ſo far deprived of its 
phlogiſton by age; that clay is able- to take away: 
the menſtruum from the iron (x. B), but pyrites 
| ſuffers no ſuch change, ſo long as it remains dry, 
and ſhut up from the acceſs of free air; —the 
conditions then neceſſary to ſpontaneous calcina- N 
tion are eaſily found to be the following: 8 

iſt, The ore ought to be of a-looſe texture, 


cat it may be penetrated by the air, and the 


moiſture : the Swediſh ores, on aceount of their 
hardneſs, can ſcarcely be treated in this way, un- 
leſs they be firſt pulverized, which occaſions too 
much trouble : but the earthy ores are not only 
unfit for this purpoſe, but for roaſting, as they 
extinguiſh ti fire. 
2dly, That there be a determinate acceſs of 
- moiſture and air, for too much or too little is in. 
jurious; — too much water deluges the maſs, and 
| excludes the air ; too little, beſides being inſuſſi- 
cient in quantity, acts more ſlowly; and upon 
theſe circumſtances depends the proper adjuſt- 
ment of the ſize of the heaps: a moderate acceſs 
of air-is moſt proper, as too great a one dries too. 
23 falt; 
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faſt; experience only can determine what is fit- 
ting upon different occaſions. 

zaͤly, The bottom on which the ore is laid for 
ſpontaneous calcination ſhould be of clay, or at 
leaſt ſo compact as that water can hardly penetrate 
it, and beſides ſurrounded with a trench to re- 
ceive the rain · water, when ſuperabundant; the 
ſides and bottom of this trench muſt be ſe con- 
ſtructed that they will not ſuffer the elixated ſa- 
line matters to paſs off; — if the ore be ſet to cal- 
cine in a houle, the laſt caution is unneceſſary. 
As the nature of the ores, and local circumſtan- 
ces, are liable to much variation, general rules 
cannot be eſtabliſhed, but the operator muſt be 
determined pra re natd, and in this, whoever 
underſtands the nature of the materials, and of 
the operation, will find no difficulty. _ - - 

(B) The roaſting is effected in a much ſhorter 
time, by means of fire. This is generally practi- 
. Ted in Sweden, and is performed in the following 
manner: — ſmall pieces of the black ſchiſt are 

ſtrewed upon a layer of burning Kicks, to the 
| thickneſs of half a foot; when the ſticks are con- 
ſumed theſe are covered, nearly to the ſame thick - 
neſs, with pieces before burned, and four times 
Elixated : thus ſtrata are alternately laid of ſuch a 
thickneſs, and at ſuch intervals of time, that the 
fire may continue, and the whole maſs grow hot 
and ſmoke, but not break out into flame; the 
1 upper ſtrata 8 eee be encreaſed to a 
| double 
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double thickneſs, on account of the long contimi- 


ance of the fire ;—when about 8 ſtrata are laid, 
another row is placed parallel and contiguous to 


the firſt; when this is finiſhed, a. third; and ſo 


on; until the heap is of a proper ſize it rarely 
conſiſts of more than 10 rows. The ore, when 
only once roaſted, contains ſtill ſo much phlogi- 


ſton, that water acts but little upon it; but when 


two or three times expoſed to the fire, it yields 
its principles more freely; —nay, the roaſting may 
be repeated to advantage, until the whole is redu- 
ced to powder. The bitumen ſuſtains the fire, 
and it is for this reaſon that we uſe alternate lay- 
ers of the crude ſchiſt ; and for the ſame reaſon, 


in rainy weather, the ſtrata, of unburned ſchiſt 


| ſhould be thicker. An heap 20 feet broad at 
the baſe, 2 feet at the top, and conſiſting of 26 
rows, is finiſhed in two or three weeks, but re- 


quires. two or three months to be well burned, - 
and three weeks to cool the greater pyritous 


| nuclei explode like bombs. 
By a moderate and ſomewhat e fire, 
"the ſulphur of the pyrites is flowly conſumed, 


and the phlogiſticated acid, penetrating the maſs, 


is fixed; after which the remaining phlogiſton is 


gradually diſſipated. The chief artifice is modera- 
ting the heat ſo as to avoid with ſafety the two ex - 


tremes ; namely, leſt, on the one hand, the ore 
be either inſufficiently. or too flowly prepared by a 


fg ** heat; and on the other, leſt either the ne- 
2 4 | ceſſary | 
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ceſſary acid be diſſipated by too intenſe a fire, or 
| the pieces of ſchiſt melt and vitrify, The ſcorig ' 
cannot be penetrated by water, and are therefore 


rejected as uſcleſs ; thele are occaſioned either by 


violent winds, or a ſtrong heat, too much cloſed ; 
for holes muſt be opened in the red: ſtrata, that 
the fire ae e ee eee which is 


to be laid on. 


At Garphyttan a new el is employed, de- 


pending upon a peculiar conſtruction of the fur- 


naces, invented by the celebrated Rinman. —» 
There the ore itſelf is fet on fire, and when burn» 
edis boiled, and yields alum in the ſame manner 
as when burned in the uſual way ; 1 have not yet 
had an opportunity of comparing the ſalts produ- 
ced by theſe two methods; — it appears probable 


that more of the acid is diſſipated by the open 
flame: however, although leis falt be obtained 
in the laſt way, yet, with reſpect to fuel and la- 
bour, there will be a . conſiderable faving.—The - 
heaps are thus formed : firſt the ſchiſt, burning 
from the furnace, is laid to the depth of four fect; 
if the fire be flow, wood is added; then a thin 


ſtratum of elixated ſchiſt ; the third conſiſts of 


ſchiſt not burned ; and the fourth of elixated 
ſchiſt, a foot and a half thick; after that the 
burning ſchiſt; and ſo on as betore. 

It muſt be confefſed, that the conveniencies in 


© this proceſs are ſomewhat balanced by inconveni- 


encies; for ſo great a quantny of ſchiſt is requi- 
ſite 
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kite to ſuſtain the lame; that it cannot all be elix- 

_ ated: hence, ſo long as this method is employed, 

we have an heap, which can never be uſed, per- 
petually accumulating. 

In ſome foreign manufactories fire is firſt em- 
ployed, and afterwards ſpontaneous calcination: 
it is impoſſible to determine generally which is the 
beſt method, as that entirely depends upon the 
nature of the ore, and other circumſtances. 

(c) As to the hard ores which contain no bi- 
tumen - (ſuch as thoſe of Tolfa) theſe are burned. 
upon wood for ſome hours, like lime · ſtanes, un- 
til by cracking they grow pervious to water, and 
effloreſce. As ſoon as the flame grows white, and 
the ſmell of phlogiſticated vitriolic acid appears, 
the fire is extinguiſhed. When the ore grows cold 
thoſe particles which were neareſt to the fire arc 


placed outermoſt, and thoſe which had been out- 


ermoſt, within ; and the fire is again lighted. It 
is better to burn too little than too much, leſt the 
vitriolic acid be expelled: the ore is ſufficiently 
burned when it can be broken by the hands. 
The ore is then heaped up near cerrain trenches, 
and is watered about five times a day, and parti> 
cularly when the ſun ſhines clear; a continued 
rain and cloudy ſky ruin the operation. When 
the ore can be reduced to a paſte in the band, it 
is fit tor boiling (). 


The 

(a The accounts differ. Mazeas ſays, that water is - 
poured « on the burnt ore 14 days (Scav. Etrang. t. v.) 
Fougeroux, 


{2 
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The powdery ore ſometimes requires no prepa- 


ration, yet at the manufaQories of Puteoli they 
frequently enrich it in this manner: they heap 
up the larger pieces, where the vapours of phlo- 
giſticated witriolic acid break forth, and when well 


penetrated with mw —7 mY a We en 
of alum. | a0; 


's vi 1. Elixation of 15 0. 


(a) The ore, den with alum, and 5 
pervious to water, is boiled, and that in various 


2 ways at different places. — At Puteoli it is perform- 
ed in the moſt commodious manner: a leaden 


cauldron, buried in the ground, is filled with the 


ore (which is often dug out to make room for the 


cauldron) and water being poured on, it ſoon be- 


comes well impregnated with alum by the heat of | 


the ſun, which here ariſes to 46* (6). - At Tolfa 


_ the calcined ore is en into the cauldron, and 
boiled. 


(3) In ours, and many foreign e a 


a cold elixation is performed. I ſhall give ſome 
account of the method which was uſed at Gar- 


| Fougeroux, whom 1 have generally followed, fays 40 
(Mem. Paris, 1766); Angerſten, 14, and at moſt 20. 


So alſo with reſpect to the time of burning, Ferber ſays 


it is 3 hours, Fougeroux 12; and he mentions that it is 


repeated. Ferber ſpeaks of urine and chalk being added, 


ccc. Perhaps the proceſs was different at different times. 
| (5) Nollet Mem. Paris, 19750, 
1 phyttan, 


* 
n 
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penn, in the year 1772 40 receptacles de- 
ſtined for this purpoſe were made of heun ſtone, 


and the joints cloſed by ſome fit cement (in other 


places they are wooden veſſels); every ſet conſiſt- 
ed of four ſquare receptacles diſpoſed in a ſquare, 
round a fifth, which was deeper than the reſt; 

the firſt receptacle is filled with roaſted ſchiſt, a 
(water being poured on it) lies for 24 hours; 


the water is then drawn off by a pipe into the 
fifth, from thence into the ſecond, containing 
{hiſt not yet waſhed ; from that, in like manner, 
after 24 hours, through the fifth into the third, 


and ſo into the fourth; the lixivium then is con- 
veyed to and let to ſtand in the fifth; and finally, 


from thence is drawn off into a veſſel appropriated 
to its reception: thus the ſchiſt is waſhed with 


freſh water four ſucceſſive times.. 
In other places (and originally at 8 a 


the water firſt paſſes over the ſchiſt that has been : 
'already waſhed three times for ſix hours, then 


that which has been twice waſhed, next what has 
been once waſhed, and laſtly, the ore that has 
been juſt roaſted. The perſons who ſuperintend 


theſe manufaQtories think that the alum, which 
the water firſt paſſing over the new burnt ſchiſt 
takes up, periſhes if it be again poured- on that 


previouſly elixated —This phænomenon, if it be 


true, is worthy of attention; but I have not had 
an opportunity of examining it. 


(c) Care 


25 
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(e) Care ſhould be taken to ſave fuel as much 
as poſſible; it is therefore of great moment to 
have the lixivium, before boiling, richly impreg- 


nated with alum; for the more rich it is when 


poured into the boiler, the ſooner it is cryſtalli- 


ed: it ſhould not therefore be put into the boil- 


ers until ſaturated when cold. This ſaturation is 
neglected in ſome places, where every thing is 


tranſacted without deviating from the manner firſt 


uſed; in other places the taſte is employed as a 
eriterion; but thoſe who examine more accurate- 
ly, make uſe of a balance in this manner: the 


weight of water which fills a ſmall glaſs bottle is 


divided into 64 parts, each of which is called a 
; and the quantity by which the ſame 
bottle, fall of lixivium, exceeds it when filled 
with water, is ſuppoſed to indicate the quantity 
of falt diffolved: OT Geng: 
ment (c). | | 
This method, properly corrected, is ſufficiently 2. 
accurate The diviſion into parts is arbitrary; 


but the moſt commodious diviſion with reſpect to 


the weights in uſe, and the calculation, ought to 
be cholen : I ſhall therefore give ſome general for- 


— mule :—et the capacity of the bottle expreſſed in 


cubic inches be m; n the number of parts into 
which it is thought proper to divide it : let a cubic 


inch of diſtilled water weigh 42255 n then 


(c) Act. Stockholm, 10. 
the 


* 
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the weight of one panning will = 422,5 2; that 
of the whole capacity filled with water 422,5 ms 
that of alum of the ſame bulk as a panning 
= 874,9 =: when the lixivium which fills the 


bottle is = 422,5 m ＋ 422,5 2, it is then 
immediately concluded that the quantity with _ i 


which the water is loaded is = 422, 5 =.; but 
erroneouſly, for recent experiments ſhew, that 
ſalts diſſolved always (d) increaſe in bulk; and if 
this be always done in the ſame proportion, and 
the whote increment be ſet " down aluminous, 
422,52 + 452,42 = 874,92, will expreſs the 
true quantity diſſolved. And in general if p de- 
notes the number of pannings found in the 7 5 | 
the alum contained in the bottle will be 874,9 = 
and in the kanne 87,490 ©. _ 25 
But to return to the common practice —the 
perſons who ſuperintend the works contend, that 
the cold lixivium ought to be made no richer than 
when the ſuperpondium is equal 45 pannings, 
which, according to our computation, ſhews the 
Water to be loaded with — of its own weight. 
They aflert, that if Us ſuperpondium amounts to 
6 pannings, which is , the cryſtals are depoſited. 
Theſe propoſitions cannot hold equally good du- 
ring | the whole time that the work is going ON, As 


(4) R. Watſon, Phil. Tran, 1770. 
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the temperature of the atmoſphere varies much, 


during that time. We ſhewed before that diſtilled 
water, in a moderate heat, takes up about r of 
its own weight, which, upon computation = 2+ 
pannings, therefore — cannot be taken up, unleſs 
in a heat more than moderate. But we muſt ob- 
ſerve, that in the bituminous minerals, beſides the 
alum, there is always vitriol of iron, which is 


more ſoluble; there is alſo ſometimes vitriolated 


magneſia; and. befides, the more ſubtile earthy 
particles, mixed mechanically during the opera- 
tion, remain long” ENG, uſo tie en 
be filtered. | 

© * The water is generally impregnated by a ſuffi- 
cient quantity of the prepared ore: it ſeems pro- 
bable that more would be obtained by hot than 
by cold water; but this is denied by thoſe who 
daily attend theſe operations (e). 

(p) From what has been ſaid it appears that 
the gradual operation, as it is called, can hardly 


be uſed to advantage in the alum works, as, of 
all the contents of the 1 88 855 alum is che moſt 


difficult of ſolution. 

Congelation is here of no uſe; for wathr ſatu- 
rated with alum freezes almoſt as readily as ſimple 
water: and all other ſalts prevent congelation more 


than alum. 


(e) M. Morveau wonders that an aerometer is not em- 
ployed, in order to determine the concentration of the 
„ | | | 

In 
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In rainy weather the lixivium ought to be well 
covered; but I do not find in any maniifaBory | 


m—_ made for this accident. 


Lin II. Decodtion of the Lixivium to Gryſtal- 
; lization. 


Let us now ek the firſt ſpring boiling be- 


ginning : the freſh lixivium, of a proper ſtrength, 
is brought from the pits, through canals made for 


the purpoſe, to the houſe deſtined for the boiling; 


there it is put into a leaden boiler; at the back of 
this is placed a receptacle, out of which the loſs 
ſuſtained by evaporation is continually ſupplied ; 


ſo that by this artifice the ſurface of the lizivium 


in the boiler neither riſes. nor falls, but er 
at the ſame height. 


Some take the floating of a nevly laid egg as 


a token of boiling being finiſhed. —The ſpecific 
gravity of ſuch an egg is about 1,081; but in a 
few days, eſpecially in warm weather, it ſuffers a 


conſiderable change :—but ſuppoſing its ſpecific 


gravity conſtant, yet a conſiderable difference will 


occur, unleſs the magnitude of the part above the 
water be aſcertained. # 
Others drop a ſmall quantity on a plate, and 
obſerve whether it cryſtallizes on cooling. 
Finally, others weigh the lixivium in the bottle 
hore mentioned, and conſider the boiling finiſh= 
ed, if the increment of weight be equal to 20 
pannings; 


42+ 
1 


NG 


— — — , 
* — * [ - L dew, < 
9 P Wea, the , "aw 7 - , by is 244 
F wo 1 4 * * RT 7 "7 2-1 *; 4 +, wt” - . <= — 
L — N RI Wh go. 2 * "tw 4 . ; »A _ a < — 1 
5 wr . 4 y 4 * 5 ka N oy A 
%. Fu - — 48 5 * . . 1 I p J's g n i 
4.4% \ * * 1 4 4% wx % - £ a j 
i Ts ** 72 {FAS , 
» : „ 7 auth 
* p ves 1+ EY * 
, d ” . ( : ; 1 7 3. A EFT * 
— ¶ ͤ Eg I 4 a 2 MN q 3 1 g i", Lag OE ox?" be TE Is ty Slat | e 
N _ . ves 122 3 4 8 Ar . *; OR. 
— 5 bes 7 FD Fe 
_— — — . , R | 9 0 0 — — Is "x. q * ke p 
* . 
f "Tot — de a . 5 a — 
* - '4 — — „ 1 TY — o * N ry, © Tu - 
La 2 a, FE » * . — ; a N * 2 — 
* n — k * 1 * * ” * ”- * - | 
q p = 4 1 " Y k 4 
— 8 
: a v 
* £ 2 1 af 
* 


4; 


if 
—— 
a. 
* 3 * 


D * — — 
2 


2 
3 
bs 
33 
1 
=, 
* 
= 
2 
1 


4s... a * 


8 : 
* * PA wv 
» 1 4 g . 1 
— — —— — — — 


— 


3 _ « 3 


ay 4 
\ * 
ug" of 1 » ' 
2. . N 
f U - 8 he. . 
- — / 


YZ 
ww. >, > 
* L * Wis ot . 3 i A Io. 
” ee —— — — — — — 
4 
* * Tz 
— — 


. 


— 1 of . \ - a 
— > 4. #4... A tree <h $ ona es oÞ vs * = 
_ 
: n 
od - 


2 ob) OMe Re EA ·ů * — Mp 
oo — * « _ 
4 


a oa — > 


En OY ee cn. te er a OE OO 
4 — — — 50 3 


Pa Aw waiters add Ho IL» biotin ee e 
1 * % 4 4 wok * "_ [ 5 , . 0 ' i —_— y 7 7 ? * Y * * * "= N 
2 9 bs Late Hits =”. Ea. © g . . * 


268 0 THE PREPARATION or Abm. 


. that is (according to our computs- 
tion) if the water be loaded with % its own 
weight. Now we ſaw that it could take up above 
= its own weight (5 11.) that is, nearly equal to 
ay pannings; but the lixivium cannot be ſo much 


loaded, as it muſt be depurated by Nanding quiet, 


before any cryſtals form (7). 
The lixivium, ſufficiently concentrated by eva 


poration, Hows den channels into «coolers, 


(f) Nothing would be more advantageous for judging Y 


' with previfion concerning the degree of boiling which 
the leys have undergone, than the aerometer. This in» 


ſtrument ſhould be made of metal, that it might be lefs 
liable to be broken; it ſhould have ſufficient ballaſt, that 
it might fink into the liquor, and ftand upright ; and after 
having once marked upon the tem the degree at which it 


© | Hands in' a ey ſullletently concrntinteld; i might de kit 


again with certainty, and the ſlighteſt inſpection would 
be ſufficient. I contrived ſuch an one fix or ſeven years 
ago for a ſugar refinery ; a proceſs in which the degree 
of boiling is till more important. This was determined 
before by putting a drop of the liquor upon the nail, and 
drawing it out into a filament, to expoſe it more com- 


pletely to the eontact of the air; inſomuch that the moiſ- 


ture, heat, and agitation of the atmoſphere, befides other 
—_— circumſtances, concurred to render this ſign 
very equivocal. The conductor of the work aſſured me, 
that this inſtrument had been very uſeful to him; and I 
know that it was afterwards introduced into other re- 
. fGineries. M. Baumé had before adviſed the uſe of it, in 


order to judge of 5 inſpiſſation * my (EL de Phar- 
macie, p. 555. ). Morvenu. 


where | 
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tion, from the groſſer heterogeneous particles; it 
is then put into either ſtone or wooden receptacles. 


In eight or ten days the lixivium, commonly called 


magiſtral water, flows into another veſſel, leaving 
behind a number of cryſtals, generally ſmall and 
impure, which incruſt the bottom and ſides of the 
veſſel. Theſe are collected, and waſhed from the 
impurities which adhere externally, with cold wa- 
ter: the impurities remaining in the reſervoir af 
ter waſhing, are kept by themſelves. 72 
(o) The waſhed cryſtals are put into the boiler 


| uſed for depuration, and are diſſolved in a quan- 
tity of water ſo fmall that it may, when boiling, be 
able to take up all the ſalt, and be ſufficiently load- 


ed with it: the lixivium is then poured out into 


a great tub, which holds the ſame quantity as the 
boiler does. After 16 or 18 days the hoops of the 


tub are looſed, and the aluminous maſs is bound 


with an iron ring: after 28 days the reſiduum of 


the ſolution is let out through a hole, and collect- 
ed in a trench; the aluminous maſs, then dried, 
is called depurated alum, and amounts, N 
phyttan, to 26 tons. 

(e) Let us now look to the boiler 1 "I 


the firſt cryſtallization. This is directly filled two 


thirds with the magiſtral lixivium. which is brought 


to the boiling point; and as ſoon as it arrives at 
that, the empty third is loaded with the crude li- 
xivium, with which alſo the waſte of evaporation 


is continually ſupplied. The boiling being finiſh- 
*. Vor. I. A a 
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here, in about an hour, it is freed, by depoſi- 


ad, 
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ed, a certain quantity of W impurities is 
added, after the ſolution of which, by continual 
agitation, the lixivium is let out as before. The 
firſt boiling in the ſpring, is performed with the 
crude lixivium alone; the reſt in the” wy "—_— 
deſcribed. "EY 
As to the time required foo cryſtallization; it 
may without doubt be ſhortened, eſpecially when 
the ſurface is ſmall with reſpe& to the maſs, as is 
© the caſe in our manufactories; for the reſervoirs 
uſed in the firſt cryſtallization are deep and very 
narrow at the top, and the ſame is the caſe to this 
| | day in the ſecond cryſtallization. The heat of the 
—_— . maſs, therefore, being reduced to the temperature 
1 of the ſurrounding atmoſphere, the evaporation, 
and of conſequence the depoſition, is very ſlow, 
eerxcept when the weather is exceeding warm, and 
1 beſides the doors and windows ſo diſpoſed that a 
| current of air continually runs along the ſurface. 
I be caſe is quite different in ſmall experiments, 
138 - eſpecially in conical glafles, where the ſurface is 
very large with reſpect to the maſs. In Italy coni- 
cal reſervoirs are uſed, and indeed with che great - 
eſt propriety. 
© (d) In order to obtain the alum more pure at 
| SD ſecond cryſtallization, in ſome places additions 
- are employed, ſuch as alkalis; lime, or urine; for 
the experience of many years has ſhewn, that the 
lixivium fometimes acquires ſuch a conſiſtence, 
that it both cryſtallizes with difficulty, and produ- 
ces impure cryſtals: pot-aſhes, particularly, were 


i 
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uſed to prevent this inconvenience, becauſe the 
acid is ſuperabundant. Pot-aſhes and lime, eithet 
burnt or crude, abſorb the acid; and, if added in 


proper proportion, diminiſh the; quantity of hete- 
rogeneous noxious matter, by precipitating them: 
this will appear cleatly, from conſidering the na- 
ture of the lixivium but urine has no effect, ex- 
cept in ſo far as it contains volatile alkali. It is 


not to be denied, that new ſalts are in this caſe 


mixed; namely, vitriolated vegetable alkali, or 


others, according to the nature of the additament z. 


| theſe are undoubtedly more harmleſs than thoſe 


which are taken e but yet are not to be fold | 


for alum. 

(H) The Roman * has been conſidered as 
the beſt ſort: at Brunſwick ſome time ſince they 
began to manufacture a ſpecies of alum, which, 
if we give credit to report, may properly be ſub. 


ſtitured for the Roman. I have examined this 


_ alum chymically, and found it mixed with co- 
balt (f)). I have no doubt but the ore of cobalt 


roaſted, is mixed with the lixivium; for in that caſe 
the diſengaged acid attacks the metallic calx, and 


forms a roſe · coloured ſolution, which gives a tinge 
to the cryſtals. This alum, diſſolved in water, yields, 
upon adding a fixed alkali, an urinous ſalt z with 
phlogiſticated alkali, diſcovers iron, but not co- 
balt; which laſt is manifeſted by the violet colour, 
on fuſing the ems baſe with borax ;—it is 


Y Tier that Erxleben ha obſerved this in his Efays, 
A a 2 diſtinguitied 


= 


Roman. A cryſtal of Roman alum expoſed to 
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diſtinguiſhed from the Roman alum by its cryſtalsy 
which are all tinged, acerb, and leſs acid than the 


heat by the blow: pipe, ſoon grows opake, ſwells, | 
and foams, but adpongy, immoveable, white maſs 
ſoon appears; whereas the Brunſwick ſwells leſs, 


hardly foams, but melts, and at laſt grows green; 


| beſides, from the very beginning, it ſends n 


E aaür an arſenical ſmoke. 20 '2 
I do not deny that I have ee . a . 
glaſs from the roſe-coloured baſe of alum, which 


_ indicate the preſence of cobalt, if it always 


happened]; but after once finding it, I have tried 
100 times again to no purpoſe : what this colour- 


ing principle is, is ſtill doubtful; but we know 
for certain that the goodnefs of the alum does not 
depend upon it.— I have not yet had an opportu- 
nity of exainining the uſe. of N e alum in 
dying (2). | 

(F) At Tolfa the ixivium, agitated in a ele, 


(20 I have ready mentioned Mr Monhet's ci 
ee the cauſe of the reddiſh colour of Roman alum, 
By analyſing the beautiful red ſelenite from Montalier in 
Franche Comte, which is cryſtallized in ſhining lamellz, 

and from which I have obtained iron in its complete ſtate, 


I am convinced, not only that this metal can communicate 


all the ſhades of this colour, but alſo that it adheres very 


- ,tenaciouſly to vitriolic earthy ſalts; for, after boiling this 


Felenite in diſtilled water, and filtering the ſolution, a de- 
poſition, having a flight tinge of this kind, took oy as 
oe liquor cooled. Liao . 


1 * 
. * 
- 
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is inſpiſſated by boiling for 24 hours ( h); this 


being done, the fire is extinguiſhed, the earthy 
parts are taken away by inſtruments provided for 
the purpoſe, and the liquor, after being. cleared 
by ſubſidence, is let out by a cock into a recep- 
tacle made of oak; there it cryſtallizes for 14 
days; it is then let at} into ſhallower receptacles, 
where it depoſits more cryſtals ; and, finally, is 
let out in the magiſtral trench. In this proceſs no 
depuration is effected by cryſtallizing ; ; and there- 
fore the Roman alum contains in 1001b. upwards 
| of 5 bb. « of a roſe coloured earth; 100 95 the 
ore never yields 2 lb. of alum. 

The magiſtral lixivium appears . f 


diffcultiy forms cryſtals ; yet, in broad and ſhal. 


| low. veſſels, it yields genuine alum, although a 
flow ſpontaneous evaporation. is neceſſary. 


At Puteoli the lixivium digeſted, by the lar 
i heat forms at length on the ſurface cryſtals, which, 


| being collected in a conical ſtone receptacle, are 
again diflolved in warm water; and there, the 
evaporation going on by the natural. heat, more 
pure cryſtals are formed: in this caſe the oro 
yields more than 40 lb. of alum in 100, but gene · 
rally mixed with 1 Ls IE LEP * 


en e dh rin, the metal of 


which the boiler is made. Angerſten ſays that the bot. 

tom is of copper, and the ſides of ſtone, Ferber mentions 

copper only, Fougeroux ſays the We is of ber Ma- 
zeas, . the boiler is of lead. 


l | 8 gin. 


. 
— 
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In order to diſcover the differences of the ſeve+ 
ral lixivia more accurately, I began by examining 
the three principal; theſe are, that which is made 
of the roaſted ore, ſaturated with ſalt in the cold, 
and which is called the crude lixivium ; that lixi- 
vium which remains after the ſecond cryſtalliza- 
tion of the alum; and, finally, the laſt wine 
which. is commonly called magiſtral. Theſe lixi 
via muſt neceſſarily differ more or lefs in different 
places, according to the nature of the ore employ- 
ed, and the varieties of the operation: and even 
ſuppoſing the ore to be the ſame, and equally 
Toaſted, yet the firſt is the richer, from the greater 
heat of the atmoſphere ; the ſecond, through the 
whole year ſuffers the ſmalleſt variation ; and the 
laſt the greateſt, as being from the beginning of 
ſpring till late in autumn, continually loaded with 
foreign matters ; therefore, although a great va- 
riety neceſſarily occurs, yet it will be ufcful to 
conſider a ſet of experiments which were made 
upon lixivia got at Garphyttan in the month of 
September 1776, and carried well corked to Up- 
ſal. 

6) The Rand g gravity of the crude lixivium, þ 
in a moderate heat, was to that of diſtilled water 
28 245 to 215; this ſpecific gravity indicates 9 
pannings. . nas 


: 


me” 
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At the bottom of the bottle was collected a yel- 
| loviſh powder; the lixivium was yellow, a little 
greeniſh, had an aluminous taſte, but ſomewhat 
auſtere and earthy. Paper tinged with turnſole 
grew red when wetted with this lixivium; but 
the deep dive pou uſed for n was not clian- 

ed. | 
; Phlogilticated alkali md ed | 
a Pruſſian blue, in the proportion of 930 grains 
to the kanne: this indicates jpg}. 809 ern 
of vitriol. 

Fixed alkali, dropped in hu Sign, precipi- 
tated firſt a ferruginous yellowiſh powder, then a 
white one; but that which falls on the addition 
of a few of the . firſt drops, is by degrees again 
diſſolved ; hence we may judge of the ſupera- 
bundance of acid ;—how great that ſuperabun- 
dance is, we ſhall ſee in the ſequel pho acid 1 
ſugar occaſioned no change. 

In this lixivium there are preſent vitriol, nk 
and vitriolated magneſia; ſalts which are not ſepa- 
rable from one another, but with great difficulty. - 
1 firſt tried to effect this ſeparation by ſpontaneous 
evaporation ; when this can be done, diſtin& ery- 
ſtals generally appear (a very long time is indeed 
requiſite); and, in the mean time, the atoms 
which float in the atmoſphere mix with the liquor; 
but to avoid theſe inconveniencies, I uſe broad 
veſſels, which expoſe a large ſurface to the air; and 
AS nen proceeds, ceteris paribus, in pro- 

. * portloſ 
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portion to the ſurface, the delay is much dimi- 


niſned. In order to exclude duſt, a very thin 
ſilk, or a large glaſs bell, may be put over the 


liquor: by this method I obtained from a kanne 
of the lixivium 1,933 grains of cryſtallized alum, 
and of a ſhapeleſs acid ſaline maſs, 5,790 grains; 
theſe were dried upon bibulous paper; — even the 
cryſtals themſelves, upon the addition of phlogi- 
ſticated alkali, yielded Pruſſian blue; I therefore 
tried another method of ſeparating the lalts, and 
that with better ſucceſs :— 

I firſt precipitated the iron with phlogiſticated 
alkali; then the earthy part with fixed alkali, in 
order to take up the ſuperabundant acid ; 1 again 
diffolved this earth, when waſhed, in vitriolic acid, 
the gypſum remained at the bottom; I weighed 
the liquor, filtered, cryſtallized, and dried; I to- 
tally deſtroyed the alumjuous part of the alt re» 
maining, by chalk ; and, finally, filtered and cry» - 


ſtallized the liquor which remained; this produ- 
ced nothing but vitriolated magneſia. 


determined the quantity of ſuperabundant 


acid in the following manner: 1 added ſmall pie- 


ces of cryſtallized ſal ſodæ, theſe: ſoon grew red 
from the precipitated iron, but were ſoon diffol- 
ved: I continued to add the alkali, until ſome re- 
mained undiflolved ; at the ſame time I ſaturated 
a known weight of that vitriolic acid, commonly 


__ oil of vitrioh with the fame alkali, -and 
hence 
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| henoe learned to compare the ſuperabundance with 
the quantity of this Gil 1221919 vi 

Theſe experiments ſhewed that . ca in 
3 kanne of the crude lixivium, 15 grains of 
gypſum, 3,889 of vitriolated magneſia, 2,933 of 
alum, 809 of martial vitriol, and ſo much diſen- | 5 
gaged acid as was eee ee common 
oil of vitriol. Ss Og 

The wvittiol ef iron which > ECO 
e for the lixivium does not depoſit EW 
an ochre on boiling, or on ſpontaneous evapora» 
tion to dryneſs, but holds'its colour perfect; yet 

that it contains iron very much dephlogiſticated, n 

is eaſily gathered from the ferruginous colour f 
the martial precipitate, occaſioned by a fixed al- 
* kali: enten is dee. n a ſelu e of 
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From the preceding paragraph, it gridendy 1 * 

pears, that there is preſent in the lixivia a greater 

quantity of acid than is neceſſary for the forma- 

tion of alum. The queſtion is, whether this im. 0 

pedes the cryſtallization, or promotes it? Many, 

among whom is the celebrated Margraaf, aſſert 

the former; but an experiment publiſned in 

1744, by Mr Baron, ſuggeſted the latter opinion 

to ſome.— The experiment is this: concentrated 

vitriolic acid, added in large quantity to a ſolution 

5 "IM 


f 


the ſame effect; and in general this holds good of 
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of alum; precipitates the alum, by ſeizing the wa- 


ter; which being quickly eryſtallized in this in- 
tenſely acid ſolution, frequently exhibits cryſtal. 
line ſpiculæ, or needles diverging from a point, 
like ſtars. This, in the ſame cireumſtances, 


happens to many ſalts: — highly concentrated 


vitriolic acid is able to take away from alum not 
only the water of ſolution, but the water of ery⸗- 
ſtallization. Let a tranſparent. piece of alum be 

put into ſuch an acid, and in a few minutes it will 
be found to grow white and opaque *: thus we 


have what may be called alum calcined by the 


humid way; and this phænomenon is a teſt of the 
perfect: concentration of vitriolic acid. 

But in the preſent caſe there is no ee of 
fo rent u quantiy of acid as is able to take away 
from the ſalt its diſſolving water: the moſt highly 
concentrated vitriolic acid ſeems to be ſaturated 
with about double its weight of water (at leaſt it 
attracts no more from the atmoſphere): but we 
are now enquiring concerning à quantity which 
has united to it far more than twice its weight of 
water, which therefore muſt adhere but nun 
as being ſuperabundant. | | 

| Every. day's experience ſhews 105 vittiolated 
vegetable alkali and gypſum are more copiouſly 
diſſolved, if the water be ſharpened by a ſmall 
portion of vitriolic acid ; nay, the nitrous acid has 


al 
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aft falts hitherto known, excepting only tartarized 
tartar, and thoſe which agree with it in qualities 3 


for this ſalt, when the proportion of acid is en- 
creaſed, degenerates into tartar, which is far more 


diffcult of ſolution. © It would be ſcarce worth 
while to demonſtrate that alum agrees with- the 
other ſalts in this reſpect, were it not that it has 
been called in queſtion. What follows, will, I 
hope, elucidate that matter ſufficiently (7). ©. 
(a) I choſe 12 glaſſes of a conical figure.” as 


nearly ſimilar and equal as poſſible; to the firſt, I 


did not add any vitriolic acid; in the ſecond, I 
put 4 drops; in the third, 63 and fo on, as the 


following table ſhews; where the column marked 


number of gl iſſes ſhews the number of drops put 
into each—{ 100 drops weigh about 113 grains). 
This being done, an equal meaſure of a ſolution 


of alum filtered, was put into each glaſs: I em- 


ployed Roman alum, and therefore filtering was 
neceſſary, to ſeparate the earthy part. The glaſſes 
were ſet in a place where the thermometer ſtood 
during the whole experiment (which laſted 25 
days) between 69 and 10%: after the iſt, ad, 6th, 


and 25th days, whatever was found cryſtallized 


was taken off with a filver ſpoon, and dried for 10 
hours, upon a bibulous paper folded, and was then 
_ weighed, In order to avoid fractions, I expreſs 


(i) See the Stockholm Tranſactions, in which I firſt 
Publiſhed theſe experiments. 
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ber of drops of the acid indicated in the firſt co- 
lumn beneath: 100 drops now weighed about 
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the weights in docimaſtic an, 
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(5) 1 repeated the experiment, only making 
uſe of five glaſſes; into each I put one half the 
meaſure of filtered ſolution of alum, and the num- 


92x grains. The experiment took up 23 days; 
at the end of which time all the moiſture in the 


firſt - glaſs had evaporated—The temperature was 
between 15% and 20% : 
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5 . Firs 
ber of Aſter 1 W 
glaſſes. 1ſt day. 7 days, 12 3. Tatal. 
3 199 30 grs. Alb. Solb. = = 329lb. 
25 199. l „% ² ( . 
0 192. , ©.£3.. 06. - = a08c:; 
„ 100, 17. 6h... 0 ST 
100 163 26 50 38 = 297 , 


o 


mess ig eafdy eppes, ay the fralleſt.addi- 5 


tion of acid impedes the cryſtallization. A coms 


_ - pariſon of the 3d, 4th, and 5th column, will in- 1 
deed ſhew many irregularities, which may be ex- _ 
hibited by a curve, by erecting, perpendicular to 
the axis, ordinates proportioned to the number in 
each column, and by taking the abſciſſæ propor- 
tional to the numbers in the firſt column. Theſe 
irregularities can hardly depend entirely on the in- 
equality of the cups; but undoubtedly they de- „ 
pend, at leaſt in part, upon the different relative | . "5 
proportions of the alum, water, and acid; be- 58 
ſides, a perfect equality cannot be preſerved in a 722 
number of drops: but this does not affect the ge- - 
neral concluſion; for if by accident, where the 
difference is ſmall, 4 ſhould = 6 in weight, this 
will not happen where the difference is er 
without remarkable negligence. | _— 
Beſides, I took as much care as -oflible char ER 
the ſolution pouted. into the laſt glaſs ſhould be as | | 
warm as that in the: fuſt, If any variation hap- 


pened : 
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. . pened 3 it muſt have n from the latter 

_ glaſſes being richer than the former, on accourt 

| 1 o the contraQtion of bulk by cooling. 

Wa © That the evaporation ſhould proceed ſenſibly du- 

1 ring the whole time of the proceſs, the hroad ſur- 

= | faces give reaſon to expect; and all the pheno- 
1 mena demonſtrate that it was ſo, It is otherwiſe 
=_ in the manufactories (S vir. c). 1 
= (c) To avoid the exception ariſing from the in- 

=_ | „ | equality of the drops, I made the experiment in 

= /, b the following manner :—I diſſolved 215 grains of 

= pure alum in diſtilled water, in a ſmall cucurbit, - 

= and evaporated over the fire until the ſurface of 

BY the liquor correſponded with two oppoſite marks 

FI on the narrow neck, which, according to former 
3 experiments, indicated that the warm ſolution was 

| * q ſit for cryſtallization; I therefore poured it out 

Fl A into a glaſs : in the ſame cucurbit, after waſhing 
* it, I again diffolved and evaporated 215 grains, 


Z 4% 
= MY 
- 


with the addition of 24 grains and an half of con- 
centrated vitriolic acid. This ſolution was poured 
out into a glaſs ſimilar and equal to the former. 
I repeated the experiment a third time, with no 
other alteration than the addition of 53 grains of 
vitriolic acid. The glaſſes were then all ſet cloſe 
together, in a place the temperature of which 
was 10% After 56 hours, I collected the cry- 
ſtals, and left them untouched for 12 hours, up- 
on bibulous paper, many times doubled. At the 
expiration of that time I found the weight of cry- 
ſtals 


or THE PREPARATION or ALUM. .-583 | 


Aab obtained from the firſt cup to be 15352, 


from the ſecond 130, and from the third only 


100+. 


attrats water very ſtrongly ; and therefore no o- 
ther way impedes cryſtallization, than by taking 
away the water neceſſary for the ſolution. The 


queſtion is not at preſent in what manner the vi- 
triolic acid acts; and therefore, without giving up 


my theſis, I might allow this conjecture to be 


right. But I took that opportunity of examining 


into its truth: for this purpoſe, I provided two 


equal and ſimilar bottles, a and 3; into each I 


put eight ounces of diſtilled water, and into » 


only I put 507 grains of vitriolic acid: I after- 


-wards added to each equal portions of powdered 


alum, and immediately cloſed them both well. 
As long as none remained undiffolved, I conti- 


nued to add more alum, and did not ceaſe, until 
aà portion remained for ſome days, which the li- 


quor was incapable of diſſolving. Equal portions 


of the ſalt were always more quickly diſſolved in B 
than in a. The water in 4 diſſolved only 3392; 
that in B 373, and 804 more upon the further ok 
dition of 1342 of vitriolic acid. | 

Since, then, the ſolution is as it were in the in- 


verſe ratio of cryſtallization; and as no difference 


in evaporation could take place, the bottles being 
nearly full, placed near one another, and well ſtop- 

ped ; I conclude, that the acid of itfelf enereaſes 
—* . | the 


f 


- (o) The laſt obiecion is, that the vitriolic acid 
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Aſter bel ſhewn, by i. 4 


the cryſtallization is impeded by the ſuperabun- 
dant acid, the queſtion nbw is concerning the 


moſt cantons OR Pr kg 


Huity. 


(4) Alkaline ſubſtances, ſaline or nn 
no doubt capable of ſuppreſſing it, but theſe ſu- 
peradd a ſalt of another kind. It ſometimes hap- 
pens, that alum does not yield firm cryſtals, a fact 


firſt obſerved by M. Margraaf, who alfo ſhewed, 


that this inconvenience aroſe from a ſmall quanti- 
ty of vegetable alkali. I know that, without any 


addition, complete cryſtals may be obtained; but 


for the moſt part, unleſs the evaporation be car- 


ried on extremely flow, the great portion which 


remains after the depoſition of a few perfect cry- 
ſtals is nothing but a ſaline magma. It is remark 
able that this impediment to cryſtallization is equal- 
ly well removed by volatile alkali, but not by mi- 
neral alkali, or by lime (and this points out the 


| reſemblance between vegetable and volatile alkali, 


as alſo between mineral alkali and lime, a reſem- 
blance which we ſhall ſce elſewhere (4): not only 
(4) Diſſertation on Platina, vol. ii. t | | 


the common, but even the Roman alum, when 
precipitated by a volatile alkali, yields a liquor 
which not .only contains an 'ammoniacal falt, but 
frequently a vitriolated vegetable alkaliz which 
latter may be had alone, the former being ſepa- 
rated by ſublimation. The preſence of this alkali 
is owing either to the clay itſelf being adulterated 

with the reſiduum of putrified vegetables, or from 
_ aſhes, either added on purpoſe, or accidentally 
mixed, during the calcination and roaſting. In 
the mean time, it is certain that alum and vitrio- 
lated vegetable alkali caſily unite, and thus a triple 
falt is formed: the alum, deprived of this addi- 
tion, is unfit for making the pyrophyrus, which 
may be eaſily tried; for the aluminous magma 
which refuſes to cryſtallize diſtinctly, yields, when 
treated in the uſual way, not a particle of pyro- 
phyrus ; whereas it yields an excellent one, upon 
the addition (J) Of a ſmall n of be 
alkali (m). 5 

(/) Vid. Scheele on Fire. | 
(n) It is difficult to imagine how this alkali contributes 

to the produQtion of pyrophorus, more eſpecially fince M. 
Prouſt has ſhewn, that it may be obtained without alum, 
and even without vitriolic acid; that the reſiduum of ſac- 
charum ſaturni, after diftillation, cryſtals of verdigreaſe, 
and ſeveral other metallic ſalts, are true pyrophori; in a 
word, that almoſt every ſubſtance which leaves, after its 
_ decompoſition, a coally matter, ſimply divided by an earth, 
or a metallic calx, has the ſame property (Journ. Phy/z 
1778, Suppl. p. 432). Morveau. See Prieſtly, vol. iii. 
and iv. Appendix, ee, 

Vol. I. 1 Theſe 
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Theſe. circumſtances. ſuggeſt a ſuſpicion, chat 
vegetable alkali is neceſſary for the perfection of 
alum; and that therefore all perfect alum ſhould 
be conſidered as a triple ſalt; but this conjecture 
is not well founded, as the ſame perfection may 

: be obtained by the volatile alkali, and a ſponta+ 
neous evaporation. . However, I do not . ſuppoſe 
the addition of vegetable alkali , improper, provi- 
ded it be pure; for if impure it is moce noxious 
than uſeful. The whole of the ſuperabundant 
acid, however, muſt by no means be. ſaturated 
with alkali, as the alum would in that caſe. be too 
much mixed. with a foreign falt, and the opera- 
tion be rendered expenſive, without gaining any 
advantage. Urine ought to be avoided, partly on 
account of the heterogeneous matters which it 

' contains, partly on account of the volatile alkali, 
which communicates to alum. properties that ren- 
der it unfit for the purpoſes of dying. 

(B) But as a pure clay conſtitutes the baſis. of 
alum, the ſuperabundant acid cannot by any other 
means be more conveniently repreſſed than by this 
carth: which, at the ſame time that it prevents 
the noxious ſuperabundance, increaſes the quanti- 
ty of alum. 1 am very much ſutpriſed that ſo ex 
cellent and obvious a remedy has never been pro- | 
poſed by any perſon, at leaſt ſo far as I know. 

In order to aſcertain what was to be expected 
from this, I inſtituted ſeveral experiments, by 
which the truth of the above aſſertion was ſufh- 

| ciently 


ciently evinced. lt will be ſufficient to relate two: 
I employed a magiſtral lixivium, in which the 


the exceſs ot acid was nearly in quantity as de- 
ſcribed (IX. c); to a kanne of this 1 added two 


| drachms gf pure clay, reduced to a fine powder, ; 


and moiſtened with a few drops of water: I then 
applied the heat of ebullition, which I continued 
for ten minutes; when all was. cold I ſeparated 
the clay that remained, and upon waſhing and dry-. 
ing I found that 25+ grains were diſſolved; which 
indicates an increaſe of alum of 141 grains 
(x III. B.). At another time I employed gentle 
boiling for half an hour, by which 75 grains were 


taken up, ſo that 416 grains of alum were pro- 


duced; hence a ſingle boiler would produce * 
Ounces....:.-.- 
| entertain no doubt, therefore, but that the 


addition of clay is extremely uſeful; and this 


ſhould be done at the very firſt, when the lixivium 


is put into the boiler ; a clay free from lime is ne- 
_ ceflary, as this laſt would produce gypſum; it 


muſt alſo be free from any thing vitriolic. In ge- 
neral the quantity is to be regulated by the quan-+ 
tity of ſuperabundant acid; and we muſt conſider 
that the earth of alum frequently conſtitutes only 
one fourth of argillaceous earth. A few trials will, 
in the preſent caſe, be ſufficient to dire& us. © - / 
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8 xII. 


Many circumſtances relating to the method of 
obtaining alum pure have been mentioned in the 
foregoing ſection, where we treated. of "xepreſling 
the ſuperabundant acid. 

Alum, as it is commonly made, although de- 
purated by a ſecond cryſtallization, yet is almoſt 
always found contaminated with dephlogiſticated 
vitriol ; hence it grows yellow by age, and when 
diſſolved in water depoſits ochre. This, in many 
of the arts, is equally uſeful with pure alum; it 
is even ſo in dying, when dark colours only are 
wanted, which frequently require green vitriol: 
but when the more lively colours are fought, eve- 
ty thing martial muſt be avoided, as it always ob- 
ſcures them more or leſs. In ſuch caſes the Ro- 
man alum is etnployed: it is therefore required to 
diſcover a method by which the common alum 
may be ſo depurated as to equal the Roman in 
goodneſs. The common ore, indeed, always con- 
tains more or leſs martial, which even actually en- 
ters the lixivium; notwithſtanding this, however, 
we muſt not deſpair (). 

(3) *The preference given hs dyers to Roman alum 
does not appear to me a ſufficient reaſon for concluding 
that it is not coloured by iron. It is-certain, that the red 
felenite above mentioned does not any more ſhew ſigns of 
martial earth, in conſequence of the addition of tincture 
of galls, and Pruſſian alkali, although it contains iron 
enough to be reduced.” Morveau, 

| | (4) Alum, 


r 
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(4) Alum, made without the addition of the 


magiſtral lixivium, both as to purity and efficacy, 


rivals the Roman alum, and often excels it. The 
crude lixivium, indeed, contains vitrial, but in 


ſuch quantity that it is entirely ſeparated by the 
ſecond cryſtallization; for the alum made in this 


way does not ſhew the ſmalleſt fign of iron; either 
with tincture of galls or phlogiſticated alkali; be- 
fides, by the ſecond cryſtallization all the earthy 
parts are ſeparated, which earthy parts always ad- 


here to the Roman. By my advice, this method 
was purſued in two of ent- ur usb and an 


alum prepared ſuperior to the Roman. W 71 
The reaſon is plain, for the noxious heterogs. 
neous matters at firſt remain in the magiſtral lixi- 


vium; now, as two thirds of this continually en- 


ter the following decoctions, theſe matters are 


continually accumulating, inſomuch that the alum 
being in the firſt cryſtallization overwhelmed with 


theſe, can be but imperfeQly freed in the ſecond; 
nay, a third or a fourth are ſometimes: neceſſary, 


to form as good alum as is had without the addi- 


tion of the magiſtral lixivium by means of two. 
How abſurd this continual addition of the ma- 


giſtral lixivium is, will ſufficiently appear from its 


nature, and will be demonſtrated more at large 

in the following paragraph. | 
(B) If the lixivium abounds with dephlogiſtica- 
ted vitriol, (which is eaſily diſcovered by the red 
en and the continua depoſition of ochre) this 
3 b z is 
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s deſtroyed by the addition of clay: and let not this 
be thought contradictory to the general laws of 


Attraction. It is indeed true that iron, put into a 


ſolution of alum, is diſſolved, and precipitates the 
earthy baſe of the alum: as alſo that, when vitriol 
and alum'are both in the ſame ſolution, if an alkali 
be added gradually, and without agitation, the 
white argillaceous earth will be firſt precipitated, 
and- afterwards: the greemſh martial earth. ,- But 
this is only true of iron in a metallic ſtate, or but 
little dephlogiſticated; for if the inflammable prin- 
ciple be any further diminiſhed, the efficacy of at- 
traction is thereby ſo much weakened, that the 
iron, being now calcined, will yield the vitriolic 
acid to pure clay. The truth of this aſſertion may 
be proved many different ways: thus, let a por- 
tion of alum be diſſolved in a lixivium of highly de- 


Pghlogiſticated vitriol; let an alkali be then added, 


and ochre will be precipitated firſt, and not un- 
til after it clay; beſides, if clay be added to ſuch a 
 lixivium, and boiled, alum is formed; and, pro- 
vided there be a ſufficient quantity of clay, the 
whole of the vitriolic ſalt will be deſtroyed. 
Thoſe who are fond of wonderful tranſmuta- 
tions, and accordingly ſee them in every thing, 
will in this inſtance rather ſay, that the martial is 
commuted into an argillaceous earth: they add, to 
finiſh the demonſtration, that the ſalt elixated from 
colcothar of vitriol not only (like alum) refuſes 
| 0 cryſtallize without the addition of a little vo- 


5 getable 


* 
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-getable alkali, but alſo yields tranſparent eryſtils, 
which reſemble au! in the neee ey their 
taſte. 

1 Theſe ae babes are true, but the Seeder 


deduced from them is erroneous. The more fre- 


quently vitriol of Mars is diſſolved, and again ery- 
ſtallized; the more it is deprived of its green co- 
lour, and at length it totally loſes it; hence the 
watery colour of the ſalt obtained from colcothar: 


the taſte is aſtringent, like that of vitriol, but with 


ſome ſmall difference, the metallie baſe being here 


deprived very much of its phlogiſton: beſides, 


that the falt got from colcothar moſt commonly 
does not contain à particle of alum, there is no 


doubt; for every common vitriol owes its origin 


to pyrites, which is rarely without ſome clay; 
therefore we have no occaſion for a metamorpho- 
ſis to account for the production of alum: but 
that vitriol, which is formed of iron and pure vi- 
triolic acid, never ſhews the ſmalleſt veſtige of 
alum; and the colcothar ſalt obtained from ſuch 
vitriol, upon the addition of a fixed alkali, depo- 
ſits nothing but an ochre; but with a phlogiſti- 


cated alkali the whole baſe is en into a 


1 bie n " 


From all this it evidently follows, that an 2 x 


9 ory which is only contaminated by 


dephlogiſticated vitriol, may be at /once- enriched 
and depurated, by the 2 of pw ay: tree 


on vitriolic_ matters. 1 4 gs, 
24 4 b 4 00 A 
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(c) A "WU containing perfect vitriol cannot 
be freed from it to any purpoſe, either by clay or 
alkali; for the former effects no decompoſition, 
unleſy in ſo far as the vitriol is dephlogiſticated by | 
long boiling : the latter, although it can. deſtroy 
all the vitriol, yet it cannot effect this, ſo long as 
any alum remains, n W ts acid more rea» 
* ©; 8 


. XIII, | : 


In een the W W to . wo 
muſt take notice of many varieties, the chief of 
which depend upon the admixture. of a vitriolic 
ſalt, as this renders the alum unfit for certain pur- 
poſes; and, if the quantity be large, renders it 
unapt to cryſtallize. However, we muſt alſo take 
into the account vitriolated magneſta, which not 


unfrequently is ſound mixed with it. 


(a) A magiltral lixivium containing alum ns 
is ſcarcely found any where, except at Tolfa. Mr 
Fougeroux de Bondaroi obſerves, that this, ex- 
poſed very much to the air in broad ſhallow veſ. 
ſels, by degrees, though flowly, yields genuine 
alum, in the ſame way as clay artificially combined 
with vitriolic acid, which, though in the uſual 
way it only affords incoherent cryſtals, affords ve · 
ry complete ones by a ſlow ſpontaneous exſicca- 


tion. I have not yet been able to diſcover the 


reaſon of this phænomenon; but in the foregoing = 
; 4 ; pages 
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pages I have mentioned, that this diſpoſition "ts 
cryſtallize may be induced by the addition of 2 
little vegetable or volatile alkali, but not een 


mineral alkali, or lime (& XI. 4). N 
In the magiſt ral hxivia there een occurs 
a ſpecies of fat, as is judged not o much from its 
viſcid appearance (which may be occaſioned by the 
quantity of the matters diſſolved) but from its na- 
ture and properties; for a ſaturated ſolution of 
alum, in the ſame manner as other ſalts, if kept 
long, or boiled in a glaſs veſſel, communicates' to 
the glaſs the property of repelling water, as if it 
had been ſmeared with oil, and wiped with a cloth. 
So long, therefore, as we know no other bodies 
but oils which communicate this property, we muſt 
eonclude, that egg eue ae n e e "RE 
s in the lixivium. 

() The lixivium containing perfect vitriol, fo 
long as it is rich in alum, may be employed, as it 
uſually is, but only for the preparation of com- 
mon alum; whereas, if the vitriolic ſalt abounds, 
it mult either be cryſtallized into a vitriol, or elſe 
be ſo deſtroyed” as to produce alum, which may 
be done in the following way :—let the lixivium 
be reduced to a tenacious maſs with clay, and 
formed into cakes, and theſe be expoſed in' an 
houſe to the open air; by theſe means the phlo- 
giſton, which is powerfully attracted by pure air, 
is by degrees ſeparated from the iron, while the 
"_ by its — takes up the clay: 
ts 
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the calcination is accelerated by fire, but it muſt 


be cautiouſly employed, leſt the acid ſhould be 
expelled: the lixivium is thus treated to much 
more advantage than by continued boiling, parti- 
cularly when it contains but little alum (40, as is 


the caſe in our Manufactories about the end of 
the ſummer, as the noxious foreign matters are 
increaſed on every boiling. | 

(c) The lixivium, containing dephlogiſticated 


vitriol, may be advantageouſly treated, by adding 


clay during the boiling :- the reaſon has been al- 
ready explained ( x. et ſo un we — not 
dqwel upon it here. 

(o) The lixivium containing du vitriol, 1 


vitriolated magneſia, is the moſt common in our 
manufactories; this may be employed in the ordi- 


nary way for the preparation of common alum, in 
the beginning of ſummer, and ſo long as the he- 
terogeneous matters have not accumulated too 
much; but when that takes place, it is proper to 
ſeparate the vitriolated magneſia; for this purpoſe 
it is neceſſary to decompoſe the vitriol, and alſo 
the alum, for they cannot be ſeparated by cryſtal- 


nzation (S I x.); this is beſt done by a calcareous 


powder, which muſt be unburnt, as, if burnt, it 
would alſo decompoſe the vitriolated magneſia: 
this powder is to be added by degrees, leſt the 
eee ſhould occaſion the maſs to ſwell over 


FEY 


0 ) Vid. Monnet fur YAlunation 7 1 
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«the ſides of the veſſel: a juſt proportion removes 
the ſalts, by the aſſiſtance of agitation and heat; 
phlogiſticated alkali will readily ſhew whether there 
is any thing martial remaining. In the place of 
the decompoſed ſalts there remains gypſum, but 
only a very ſmall portion of it remains in the lixi- 
vium; for, on account of the deficiency of men- 
ſtruum, the greateſt part falls to the bottom along 
with the ochre and clay. As ſoon as the liquot 
has ſubſided and grown clear, it muſt be carefully 
decanted into another veſſel, and evaporated until 
a drop let fall upon a cold ſubſtance ſhews cryſtals 
in a few minutes; it is then to be removed from 
the fire,” and, on coolng, it produces vitrialated 
magneſia. en 
If in our manufactories all the ici let. 
vium which is unfit for making alum was treated 
in this manner, we ſhould undoubtedly obtain as 
much Epſom ſalt as is conſumed in all Sweden: 
this ſalt is now imported; whereas, if at the ſame 
time this and other means were uſed, we _ 
os able to export to all Europe. 0 

It is evident that this lixivium may alſo, by We 
methods above deſeribed, be einployed for the ar. 
tificial preparation of the matrix of alum. 

(2) The magiſtral lixivium has always a ſuper- 
abundance of acid: we found in one kanne near- 
ly five ounces ; fo that in a ſingle boiler there are 
nearly 2501b. : but vitriol, when well dephlogiſti- 

| cated, retains its acid ſo looſely, that it may cafily 


be 
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be ſeparated by fire. I do not doubt, therefore, 
| but that ſuch a lixivium, if its ſurface be firſt in- 
creaſed by pouring over an heap of ſticks, and af. 


| 2 collected, might be Wagons oo 
to diſtillation. . F 


(8) Finally, the ochre, hich rapes; her 
ſpontaneouſly or upon the addition of an alkali, 
may be made, by various methods of preparing it, 
to afford various pigments ; — it is enough here ta 

throw this out as a e þ | 
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| . Lbelieve it vil plain- 
y appear, that if the operations were conducted 
with ſkill and prudence in our manufactories, we 
ſhould have, at the ordinary expence, alum better 
in quality, and a larger quantity. I flatter myſelf, 
that in foregoing ſections 1 have pointed out the 
means of obtaining this end. As to the forms of 
furnaces, and other contrivances for more com- 
modiouſly conducting the operations, I paſs them 
over, as belonging rather to mechanics than chy- 
miſtry, although theſe two A pd one 
another — albftance. 2 „ e 
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| ANTIMONIATED TARTAR. 


$1. Medicines ſhould be preſcribed in fuch a 
Way, that each ſhall N 15 . 
ame Virtues, 


N preſcribing medicines, or in compoſing diſ- 
penſatories, nothing is more neceſſary than 
that both the materials and method of preparation 1 
be ſo choſen as to be exactly alike in all caſes and e 
ſituations: for if the officinal preparations be not „ 
directed to be made in ſuch a manner, that they 
can never, under the ſame name, poſſeſs different 
virtues and properties; or if the proceſs be ſo or- 5 


dered, that, notwithſtanding all poſſible care in | 13 
the repetition of it, it cannot to a certainty be Fi 
1 in the ſame way, it plainly appears, _ 
that 1 | 
5 
b 
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that medicines of very different qualities may be 
produced by the ſame formula, and that not only 
in different ſhops, but in one and the ſame. 
The” danger hence ariſing is indeed but fmall, 
when the leſs powerful preparations only are ſub- 


ject to this inconvenience ; but from what fol- 


lows, it will appear, that this is often the caſe 
with thoſe which are 8 8085 of conſiderable 
activity. 8 

For example, let us 1 an A or a 
purgative made by the ſame formula, and, never- 
theleſs, that the medicine does not always pro- 
duce the effect deſired, that it at one time has 
little or no effect, at another acts moſt violently; 
in this caſe, beyond doubt, the life of the patient 
is endangered, the credit of the phyſician inju- 
red, and preparations which, if rightly adjuſted, 
would be of the moſt material advantage, fall gra- 
dually into 1 0 and at N into total diſ- 
uſe. 

All theſe inconveniencies are "Wy to take 
place in many officinal preparations, particularly 


thoſe of metals, many of which, though known 


by the ſame name, are in degree of efficacy en- 


"i 


$ IT. Antimonial Emetics. 


ws the oli remote times antimonials were 
known to poſſeſs an emetic quality: this pro- 
8 perty 
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perty they exert only when diſſolved; but in ge- 


neral they can undergo ſolution within the body 


as well as without; for, in the primæ viæ, there 
are ſometimes humours endowed with the proper- 
ty of diſſolving this ſemi-metal ; and on this ac- 


count antimonials were formerly given in the form 
of powder. But as it is plainly impoſſible for us 


to determine, a priori, either the quantity or qua- 


lity of this menſtruum, it follows, that from varia- 


tion in it, either of quantity or quality, the doſe 
muſt be uncertain, and the effect extremely du- 
bious Examples are to be met with, of ſome 
perſons who could ſwallow conſiderable quantities 


of the regulus, without any inconvenience, which 


would be highly dangerous to perſons who are ſub- 
ject to acidity. At preſent, the mercurius vitæ, 


the hepar antimonii, and pulverized glaſs of anti- 


mony, are much in uſe, becauſe theſe ſubſtances 
contain the regulus, reduced by ſolution to a ſa- 
line nature; they therefore may be given with 
much more ſafety, and, being always the ſame, 


act more powerfully and certainly. Tartar has 


been almoſt always in uſe, as a ſolvent for this 
metal; and the ſalt ariſing from this compoſition 


has been called tartar emetic (a), from its ope- 
ration; and /7ibiated tartar, from its compoſition. 


(a) Mynſicht firſt introduced this preparation in 1631. 


He employed the crocus metallorum; Zwelſer, the glaſs 


of e and Lemery, the hepar. 


4. 
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I prefer, however, the name of antimoniated tare 


tar, as antimony is at preſent a more popular name 
for this mineral than ſtibium: and this preparation 
of antimony I deſign to examine in the following 


pages. 


$111. Different Methods of Preparation. 


Upon turning over the moſt celebrated diſpen- 

ſatorics, we find a wonderful difference in the 
methods of preparing this ſalt ; all, except the old 
diſpenſatory of Stockholm, which mixes. with. it a 
lixivious ſalt, preſcribe the cryſtals, or cream of 
tartar, as the menſtruum; but differ with "_—_—_ 
to the matter to be diſſolved. _ 

The crocus metallorum is directed by the new 
Vienna diſpenſatory (b), by the new Utrecht (c), 
the Wirtemburg (d), the Edinburgh (e), Bornſ- 
fo Brandenburg (7), the London (g), and ſome 
others; but the Edinburgh and the Brandenburg 
admit the uſe of the glaſs of antimony, which is the 

| baſis employed by the old Stockholm (in) and the 
FE 3 Ratiſbon (i); but the Paris diſpenſatory () or- 
1 | ders it with an equal part of the hepar, not. freed 
i 6 from the ſcoriæ. The Pharm. Bateana (/) em- 


(6). An. Dom. 17344 (e) %% (4) 1750. _ 


„ 2 (f) 2758. (g) 1758. 
(hb) 1686. | 0 1727. (4) 1738. 


(1) 1688. 


* ploys 
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ploys the flowers of antimony. As to the pro- KB 
portions, the Ratiſbon, Vienna, Utrecht, Wir- 

temburg, London, and Brandenburg, employ an 

equal weight (m) of tartar and of the metallie 

matter; the Edinburgh and Paris double that 

quantity: there is alſo a difference with reſpe& to 

the quantity of water. In the Vienna and Edin- 

burgh diſpenſatories, 12 parts of water are order- 

ed to one of tartar; 6 in the Wirtemberg; and 

in the reſt, ſo much as is ſufficient for ſolution; 

The mixture, being digeſted for a day or two, is 

boiled until the tartar is completely diſſolved, ac- 
cording to the inſtructions of the Brandenburg 
diſpenſatory, and moſt others; but the Paris di- 
rects, in expreſs words, 12 hours, the Edinburgh | 
10, and the London half an hour. After filtra- | = 
tion, the Ratiſbon and London require cryſtallis W i 
zation; the reſt evaporation to dryneſs. In the - _.-. 
old Stockholm diſpenſatory, one ounce of glaſs 

of antimony is deflagrated with two drachms of 
crude nitre; one drachm of alkali of tartar, and 
nine ounces of pure water, ate then added; the 
whole is boiled to dryneſs in an iron pot, the 
maſs reduced to powder; warm water is poured . 
on; it is filtered; and, being evaporated to dry- 

neſs, is ſtrongly heated on an unburned brick. 

The above will be' ſufficient to ſhew the diſa · 


ei on 1 Ne OE 
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pare the differences minutely, would exceed the 
bounds of ſuch a Treatiſe as this. We may, 
however, obſerve another method formerly in uſe, 
for the purpoſe of exciting vomiting, which is in 
itſelf ſufficiently commodious, if it were ſufficiently 
exact: wine was ſet to ſtand for a night, in a cup 
made of regulus of antimony and tin; or elſe balls of 
this metal, which were called perpetual pills, were 
ſteeped in wine for a certain number of hours. 
What judgement is to be formed of theſe contri- 
vances, the following experiments will ſnew: when 
we conſider the diſagreements above mentioned, 
and others that might be adduced, we ſhall 
ceaſe to wonder at the uncertain an of emetic 
— accurate cxmmivation; we ſhall foe. #60 
the weaker of theſe preparations contains ſcarcely 
five hundredths of the metal, while the ſtronger 
have upwards of 0,24, Hence, then, appears the 
neceſſity of determining the baſis and the men- 
ſtruum in ſuch a manner, by accurate experiment, 
that this medicine may always poſſeſs the ſame pro- 
eee and * ſame _ of eg 


8. I v. The 55 to be chofin, 


The hen the crocus metallorum, and the 
gal of antimony, ate the ſubſtances generally 
made uſe of as the baſis of tartar emetic. We 
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muſt firſt inquire, whether theſe three, prepared 
according to the uſual formula, actually contain 
the ſame quantity of phlogiſton; for, atcording 
to the variation of that principle, a greater ot 
ſmaller portion of the metallic regulus will be diſ- 
ſolved in the ſame quantity of menſtruum; and 
of courſe the emetic power will vary. That he- 
par which is prepared with a larger proportion of 
nitre, neceſſarily loſes more of its phlogiſton than 
that in the preparation of which leſs nitre has been 
employed; and even although an equal quantity 
of nitre and. antimony be (as is uſually the caſe) 
employed for this purpoſe, it ſtill depends upon 
other circumſtances, whether the reguline part be 
acted upon at all, and in what degree. The de- 
flagration is performed, either by throwing the 
nitre and antimony into a hot crucible, or by ſet- 
ting fire to the mixture in a cold mortar: in the 
former caſe, the ſulphur is more quickly deſtroy- 
ed, and flies off; ſo that the metal is of courſe 
more completely deprived of its phlogiſton, than 
in the latter, where no fuſion takes place; and 
there is no external operation of fire: hence the 
hepar made in the latter way is red, that produ- 
ced by the former method rather yellow. But 
though the proceſs were univerſally conducted in 
a crucible, it is impoſlible at all times to apply the 
very ſame degree of fire; nor can the difference 
of degrees be poſſibly aſcertained : ſo that, ftom 
this circumſtance alone, the products muſt differ 
1 5 Ges c ſſentiallyß; 
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eſſentially; add to which, that the nitre and crude 
| antimony cannot be mixed together ſo evenly, but 
that in one part the-nitre will prevail, in another 
the antimony ; and hence alſo a variation in the 
product muſt neceſſarily take place ;—and the na» 
tural conſequence of this variation is, that the re- 
| gulus i is ſcarce ever acted upon twice in \ cxaRtly the 
ſame manner. | 
All the above-mentioned differences 80 in 

the preparation of hepar, affect in the very 
ſame manner the production of the crocus metal- 
lorum; the latter being no other than the reſi- 
duum of the former, inſoluble in water. Beſides, 
another variation in this preparation may ariſe 
from the difference of accuracy in waſhing ; for, 
on this account, more or leſs remains, which, by 
encreaſing the weight, and abſorbing the acid, 
not only weakens the ſtrength of the menſtruum, 
but prevents the ſame weight of it from — 
always the fame quantity of antimony. 

_ Glaſs of antimony is ned frown the faled 
calx of this metal. Now, as the regulus, the 
crude antimony, and other preparations, may 
each be - calcined by means of fire; and as all 
theſe, according to circumſtances, and the na- 
ture of the preparation, loſe phlogiſton in dif- 
ferent degrees, it follows inevitably, that the 
glaſſes made of the calx -muſt differ much from 
each other. 


But, ſuppoſe ths 4 emen alma uſed 
for 
2 


: - 
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for this purpoſe, as many direct it to be, yet even 


in this caſe we cannot be ſure that the ſame foree 
of fire has been employed; and as that varies, the 
.calx may ſometimes be ſo far deprived of phlo- 
giſton, as to be vitrified with great difficulty, and 
ſometimes retain fo large a portion of the inflam- 


rather than the glaſs ; and between theſe two ex- 
tremes there are innumerable intermediate de- 
grees. When we conſider every thing attentive- 
ly, we ſhall ceaſe to wonder at the different de- 


grees of tranſparency, and the different colours * 


the glaſs. 
Hence we may conclude, that neither * 
. hepar, the crocus, nor the glaſs, can ſupply a 

baſe for emetic tartar, which will be always fi- 
milar to itſelf ; and therefore, that they are to 


be avoided, if a more Mo ſubſtance. can be 5 


found. 

It may perhaps be thought, that the r RA is 
preferable to thoſe ſubftances which are moſt in 
uſe; but even if we were in poſſeſſion of a ſure 
method of regulating the fire in the preparation of 
the regulus, ſo that it ſhall always be of the fame 
nature; and although we alſo had a ſure and com- 
modious method of meafuring the ſolvent power of 
the menſtruum, yet it remains to be determined 
by experiment, whether antimony, in its reguline 
ſtate, can communicate an emetic vary to ous 
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mable principle as to reſemble the hepar in fuſion, 
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Boiling vinegar indeed attacks it; but for the 
acid of tartar, ſee $ v1. A. vii. a. Many per- 


ſons extol the virtues of wine which has lain in a 


cup of the regulus, and had the powdered regu- 
Jus ſteeped in it for 24 hours; but in this inſtance: 


an error may readily conceal the truth: for mi- 


L 


ther by means of too much fire, it is externally 


nute particles of the powdered regulus may, on 
account of its micaceous. texture, be eaſily ſuſ- 
pended in the liquor, and therefore may be ſome- 
times ſwallowed: beſides the regulus when, ei · 


deprived of a portion of its phlogiſton, or mixed, 
either internally or externally, with an hepar, it 
may communicate to wine an emetic quality, al- 


though the reguline part itſelf contributes nothing 
to it. In order to obtain a deciſive concluſion, 


the regulus ſhould be often well fuſed with a fix- 
ed alkali, and then well waſhed with vinegar; be- 
fides, the wine which is decanted off ſhould be 
filtered through paper ;—this I never had an' op- 
portunity af trying more than twice. 1 ſteeped 
the regulus, eliquated according to the London 
diſpenſatory, divided into ſmall pieces, and well 
waſhed in Rheniſh wine, and kept the bottle clo- 
ſed in a moderate heat for fix days: the wine, af. 
ter filtration, did not ſhew the flighteſt token of 
an emetic virtue. 

Of all the cates; none deſerve 15 3 
attention as the powder of Algaroth, which was 
Ks! tine ſince thought well adapted to this pur- 


poſe 
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poſe (). —The following experiments will ſerve to 
ſhew its nature more completely. It is obvious, 


that if 3 parts of crude antimony, and 4 of cor- 


roſive ſublimate, be mixed together, by means of 


heat, and a double elective attraction, a double 


exchange will take place; for in the corroſive ſu- 


blimate there is calcined mercury, and in the 


crude antimony the regulus combined with ful- 
phur: during the operation the antimony yields 


its phlogiſton to the calcined mercury, which 


thereby becomes quickſilver, and in its turn yields 


its marine acid to the antimonial calx. This 


compound paſſes over into the recipient, under 


the name of butter of antimony ; and if at length 
the heat be much increaſed, cinnabar is formed, 
_ conſiſting of the ſulphur of the crude antimo- 


ny united with the mercury. We muſt take 
particular notice that neither the regulus of 


antimony, nor of any other metal, can be taken - 


up by acids, until it is to a-certain degree depri- 


ved of its phlogiſton; and that degree is various 


in various caſes, as I have elſewhere demonſtra- 
ted (o). | ee 


Butter of antimony, had] into water, is in- 


ſtantly decompoſed ; the water ſeizes the greater 
part of the marine acid, and the deſerted metal 
falls to the bottom in the form of a white . 


hs Mm | 3 
(o) De Attr. Elect. | 
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der: this powder was formerly known. by A NUM» 
ber of ſingular names, to which it had little claim: 
but is now generally called powder of Algaroth, 
in honour of Vittorio Algarotti, an Italian phy- 
ſician, who has been very laviſn in praiſe of it. 
In this operation the antimony is conſtantly a+ 
ed upon in the fame manner by the marine acid, 
and conſequently always loſes an equal quantity of 
its phlogiſton, which is a circumſtance. very much 
to our purpoſe. How well ſoever this precipitate be 
waſhed, tho' with warm water, yet ſtill a ſmall quan · 
tity of the acid adheres, as appears from hence, that 
upon diſtillation a ſmall portion of butter of anti» 
mony comes over into the recipient; but the acid 
admixture. may be avoided by ſaturating it gradu- 
ally with oleum tartari per deliquium; for in this 
caſe the more minute and white particles fall to 
the bottom, which can only be had by waſhing 
with an alkali. This is indeed more foluble than 
tte former obtained, by water, but ſuppoſes a 
complete decompoſition, which yet is not always 
obtained; at leaſt there is in this caſe room tor 
fraud, as this method is more nn and more 
troubleſome. 8 
The precipitate obtained by watee, although 
leſs in quantity, is yet perfectly ſoluble, and there- 
fore I prefer it, as being leſs liable to variation 
and we ſhould not, without urgent neceſſity, con- 
fide in the fidelity of the operator. - 


The 
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Tha argentine flowers are juſtly enumerated | 
among the beſt preparations of antimony ; buy 
the preparation of theſe, although mare difficult, 
pet forms a leſs certain baſe for smn 
| the alias * en docs. | 


g. he Eres pony, 


ns the fine that this medicine firſt FE 
| known, to the preſent day, tartar has been almoſt 
| every where, and at all times, uſed for the men- 
ſtruum (5); however, as this ſalt is not a pure 
acid, but, as chymical analyſis and ſyntheſis ſhew, 
à fort of tartarized tartar, with a determinate ſu- 
perabundance of acid, it is to be conſidered” that 
we are not yet certain whether the ſuperabundant 
acid alone acts, or whether the other ingredients 
contribute any thing,-I am now to relate the exe 
| en ee eee | 


0 vi. Power of the Acid of Tartar, | 


The feſt trials were made with pure acid (a) 
of tartar, of which the ſpecific gravity was to _ 
| ot n water, as 15230 to 1900, 


'(p) The old On Pharmacopera aſter Zwelfer, 
uſes alkali. 


(9) Retz bas deſcribed, i in the Stock: Tranſ. the me 
thod of obtaining the pure agid of tartar. e 
| 8 (4) The 
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(A) The following experiments were made A 
regulus of antimony, prepared according to the 
London diſpenſatory, and reduced to a very ſub- 


tile powder. One part of this was boiled for 


twenty minutes in a phial, with 25 of the above - 


mentioned acid, then filtered, and ſet in a cold 


place; it was afterwards further evaporated, when 
a falt concreted in the form of cruſts and fur- 
rowed pieces, which in the fire exhibited the ſame 
properties as cryſtallized tartar, without any vi- 
ſible antimonial ſmoke. For the better under. 
ſtanding of this, we muſt explain the peculiarities 
of this acid when expoſed to fire upon e 
by means of the blow- pipe. 

The cryſtals of this acid, which are formed * 


flow evaporation, reſemble thin tranſparent lamel- 


læ, irregularly fituated in a way which is called 


cellular by mineralogiſts. As ſoon as the external 


fluctuating part of the flame reaches the cryſtals, 
they immediately liquify, and form a maſs pellu. 


cid like water; this, when expoſed to the blue 
conical nucleus of the flame, foams with a loud 


noiſe; and after the expulſion of the water grows 
black, ſends forth . firſt a ſmoke, then a blue 
flame, and leaves a quantity of ſpongy ſcorise; 
which diminiſhing more and more by the extre- 
mity of heat, at length become entirely white: 
this reſiduum eafily diſſolves in acids, and chan- 
ges the blue juices of vegetables green, in the 
ſame manner as alkalis do; and this is alſo the 

Wn caſe 
\ 


1 
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.caſe with thoſe parts which have not been tried 
upon the cod · From an attentive conſideration of 
theſe circumſtances, it appears that this acid has 
but little effect upon the metal in its reguline 
ſtate; and the powder collected upon the filter, 
not being nn in ee confirms tits 14 
nion. : 
() Heple! of: antimony, W wi" an 
3 quantity of nitre, was put to the proof with 
the ſame quantity of acid, and in the ſame man- 
ner, except that it was only boiled fifteen mi- 
nutes; but the reſiduum was the very ſame with 
that deſcribed in the laſt experiment, both with 
reſpect to cryſtallization and habit with regard to 
fire, with this ſingle difference, that the refiduum. | 
on the coal is of a reddiſh brown. 
CE) One part of crocus metallorum was boiled 
in ſix of the acid, diluted with water, for the pur- 
— of evaporation; this, when filtered, after 
fourteen days depoſited a ſaline radiated maſs, 
which gave out ſomewhat of an antimonial gt | 
when expoſed to the blow- pipe. 
(0) One part of glaſs of antimony boiled FR | 
30 minutes with 25 parts of acid, filtered and 
evaporated, ' ſeparated, on the ſurtace of the li- 
quor in the veſſel, ſmall cryſtalline grains; but 
all the reſt grew gradually hard, and formed a 
gelatinous maſs much reſembling cherry tree gum. 
This, when expoſed to the fire, exhibited, be- 
fides the phanomena of acid of tartar, not only 
6-4 f an 
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an intenſe antimonial ſmoke, but ſeveral metallic 
grains. The gelatinous matter, and the cn 
line, poſſeſſed the fame properties. 

(E) One part of diaphoretic antimony, boiled 
30 minutes with 25 of acid, and treated as the 
above ſolutions, yielded at length a white faline 
matter, which, expoſed to flame, ſends forth a 
little antimonial fume ;z and the reſiduum is of a 
browniſh colour. | 

(ir) One part of materia patio doiled 15 mi- 
ee with 30 parts of acid, yielded a ſaline cruſt, 
which, expoſed to heat, produced an antimonial 
fume, and a yellowiſh brown porous ſubſtance. 

(6) One part of powder of Algaroth was boil- 
ES nin lack. and then fil- 
tered. | 

This ſolution, in a be became all 
gelatinous ; but afterwards, in a cold place, by 
means of an air ſomewhat moiſt, became elegant- 
ly ſtreaked by various rays and branches. This 
gelatinous matter, when expoſed to flame, ſwells 
violently, and yields a copious antimonial fume, 
but no metallic grains. | 
At another time, ee e ee 
preeipitated by water, was boiled for an hour with 
8 parts of acid; this was diſſolved without any 
reſiduum; and, on flow evaporation, yields irre- 
gular cryſtals. 

(n) Although in the foregoing e the 


wi abounded very mych, a good deal of the 
metal 
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metal remained undiflolved, notwithſtanding the 
boiling : I attempted to ſaturate the powder of 
Algaroth for this purpoſe one patt of the pow- 
der was boiled two hours witk three of acid, 
when there was no longer any reſiduum; not - 


taſte, and een the blue POO ET 
a red. k 

Theſe denne en a the Acid 
of tartar alone has ſcarce any power in diflolying 
this ſemi- metal, ſo long as this laſt poſſeſſes its full 
proportion of the inflammable principle; but that, 
in proportion as this principle is diminiſhed, the 
metal is more fitted for ſolution: this, however, 
is to be underſtood within certain limits; for al- 
though diaphoretic antimony, beyond doubt, 


contains leſs phlogiſton than the glaſs, yet no 
conſiderable dillrenco takes "_ ee 


with reſpect n. 


9 
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Ti 


Tartarined t tartar is being a wind al, it a 


not at firſt appear probable, that it can poſſeſs the 


property of diſſolving metals and other ſubſtances; 
yet the following experiments prove my af 
Ie poſſeſs fuck a property. © 

(a). P 


nutes with 8 parts of tartarized tartas diſſolved in 
a pure 


withſtanding which, the ſolution retained an acid 


— 
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pure water, and after filtration was ſet in à cool 
place; a congeries of numerous cryſtals was ſoon 
formed at the bottom; a piece of this, expoſed 
to the fire, ſwelled and grew black; its former 
colour changed to a white; at length the whole 
maſs was abſorbed by the charcoal, in the ſame 
manner as happens to crude tartar; and re 
curs without the li ghteſt veſtige of antimony. | 

(s) One part of liver of antimony, treated in 
8 manner with tartarized tartar for 30 mi- 
nutes, ann the ——_ AF ve as OP 
2 \ 7 SN 

(c) One burt of « erocus ane boiled two 
Fb 8 of the ſame ſalt, give tokens of an- 

| Nerv but very obſcure. 

( ) One part of glaſs of anthony; boiled: 45 

n ie with 8 of the ſalt, ſeparated, upon eva- 
poration, a ſubſtance compoſed of ſaline ſpiculæ; 
which, when expoſed to flame, ſwelled mon and 
yielded many reguline grains. 

(E) Diaphoretic antimony, ſubjeQed in the 
ſame proportions to the experiment for 35 mi- 
nutes, exhibited, upon cryitallization, the lame 
ee as in (c). 

() One part of powder of Algaroth, boiled 
20 minutes, with 5 of the ſalt, and filtered, yield- 
ed cryſtals of two different ſorts, one of which 
conſiſted of complete tetraeda, and, expoſed to 

flame, yielded a great number of metallic grains; 
the other reſembled faline ſpiculæ, and ſeemed to 
5 | 8 
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be no other than crude tartar ; and- this being 


with difficulty ſeparated from the former, fome- 


times exhibited marks of antimony. 


In another experiment, two parts and a half of T 


tartarized tartar were ſaturated by half an | hour's 
| boiling with one of Algaroth, and formed a 
browniſh red folution, which gave a flight red 
tinge to tincture of turnſole, and evaporated to 


dryneſs, exhibited cryſtalline grains, amounting | 


to three parts and an half. 

Hlence it is ſufficiently / evident, that. POSE) 
tartar can actually diſſolve antimony, although 
that ſalt had been purpoſely prepared in ſuch a 


manner that the alkali ſhould prevail, to avoid 
deception, from ſuperabundant acid; beſides, the 


extraordinary agreement of this. with the acid of 
tartar, appears from hence, that both menſtrua 
act either not at all, or a little, or mugs ps the 


N ſame On 


$ VIII. e diſſolved by Cream 1 
| 7 artar. 


The Sifferent! be of the tartareous md, 
and of tartarized tartar, . being examined, we 
might in ſome meaſure judge from thence, of 
the efficacy of tartar which is compoſed of theſe 
two; but any reaſoning of that kind, not con- 
— by experiment, muſt be fallacious. 

Wks Two parts of liver of * boiled 
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with one of tartar, after the cryſtals that” firſt 


formed, I Rane: but an e faline 
n. 2 

8 s) One part: of crocus air boiled 
with eight of tartar, cemented into a — . 
Nance of a browniſh yellow colour. 7 

(c) One patt of glaſs of antimony e at 
leaſt three of tartar; if it then be diſſolved by 
boiting, & will yIdd-or yds; - ich Ba oy 

(v) Three parts of diaphoretic antimony; made 


of tegulas, united dy boiling with two parts of 


tartar, on evaporation yielded at firſt ſome ery- 


ſtals, the refiduuns was a gum, which, when well 


nee, did not attract moiſture, 
(x) Tartar ſcarcely ads upon n anions 
” tx) Two parts of Algatoth's powder obtained 
17 water, requite ſeventy of tartar; if there be 
mote of the menſtruum, and the proper quantity 


of water, diſſipated by evaporation, the ſupera- 


bundant tartar concretes, containing no more an- 


timony than that which is held by the water of 


the cryſtals: this combination reddens turnſole; 
on evaporation it firſt depoſits cryſtals, and then 
exhibits a clear jelly ; a large quantity of water 
. the: ntivnes : 
mal enn 

(6) Two patts of the argentine en; boiled 
1 — but no gum: 
the eee 
weight of We antimony. | 


(n) Bezoar 


(n) nent eas is not diſſolved; hut anti- 
mony, diſſolved in a proper aqua tegia, and pre- 
eipitated by fixed alkali, is readily acted upon, 
and forms cryſtals. 

In general, to expedite the ſolution of antimo- 
nials, we may uſe partly a fixed alkali, and partly 
Argentine flowers fuſed with one half of mine- 
ral alkali, run together into a yellow. maſs, cover- 
oed with a green eruſt :, three parts of this, redu- 
ced to powder, are diſſolved by one : of tartar, and 
the whole maſs becomes gummy. 

If one part of tartar be added to one half of ſe · 
| — ſalt, three parts of this combination take up 
one of glaſs of antimony, and form a gum, which, 
being carefully dried, ſplits, into a yellow powder, 
which is ſaid to excel common emetic tartar, both 
in virtue and ſolubility: but tartar 1s, not by. this 
-artifice rendered more capable of diſſolving either 
regulus, crude antimony, or . flowers, 
than the tartar alone is. 

Borax firſt calcined, and melied with, an Sl 
quantity of crocus metallorum, forms a maſs of 
an hepatic colour, five parts of which, mixed 
with eight of tartar, diſſolyed in water, inſtantly 
generate a colour like that of kermes mineral, and 
leave no more than two parts undiſſolved, which 
alſo reſemble. the kermes ee we get 
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Tartarized borax attacks crude antimony; FI 
ing a tranſparent gummy ſalt of an amber colour, 
one part of which unites with eight PR of Ws 
and his them Gifſolved: Seo madbas” 


88 


C IX. Preparation of an antimonial Emetic, 
which may be deperules upon. 


The Wegemg experiments furniſh 8 two 
methods of preparing an emetic of determined ef- 
ficacy. . Oy, OF DS2 

Let nodes of 8 * aſed as * baſis, as 
it always contains an equal quantity of phlogiſton, 
which is of great conſequence (5 v.); and let that 
ſeparated by water be choſen, as it is more certain 
than that which is obtained by means of alkali 
(S tv.) The preſence of marine acid is of no 
conſequence, provided the quantity be always the 


ſame ; and let the menſtruum be either cream of 


tartar or tartariſed tartar: either of the ſalts, thus 
prepared, will afford an antimonial medicine for 
the ſhops, of a conſtant and determined degree of 
efficacy; but as they differ in their own nature, 
and in the quantity of matter which they take up, 
their effects muſt differ, at leaſt in degree. 1 
here only mean to inveſtigate the method of pre- 
paring medicines which ſhall always poſſeſs the 


ſame degree of power; and this end is obtained 


by both theſe operations. It belongs to the prac- 


titioner to > determine the uſe of theſe, and to diſ- 


cover 
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dover whether there be ſo great a difference be- 
tween them, that it is neceſſary to be provided 
with both; or whether one of them may not an- 
fwer the purpoſe, by varying the doſe. In the 
mean time, I ſubjoin the method of property pre- 
paring the two; and firſt of 
 Antimoniated tartar :—let five ounces of cream 
of tartar, reduced to powder, and two drachms 
and an half of powder of Algaroth, precipitated 
by warm water, waſhed, and dried, be 'gently 
boiled in a glaſs veſſel for half an hour, in half a 
, kanne of water; this being done, there generally 
remains a {mall quantity of a blackiſh mercurial 
powder. I do not ſaturate the tartar completely, 
as, in that caſe, ſome of the ſolution turns to a 
gelatinous matter, and the ſalt reſulting, being 
long ſuſpended in the water, is more eaſily de- 
compoſed, which occaſions conſiderable inconve- 
nience in practice (F v111. F.): beſides, the | 
weight of a weaker medicine being greater, its 
quantity may be aſcertained with more accuracy; 
and it may be taken at different times, without 
any danger: let the filtered ſolution be evaporated 
in an open veſſel (not metallic) till a pellicle ap- 
pears; let it then be kept in a digeſting heat till 
cryſtals form, which muſt be taken away by de- 
grees, and dried on moiſtened bibulous paper; 
all the clear eryſtals are equal in weight to the 
tartar employed: the more purely ſaline eruſts 
n to the ſides of the veſſel, amounting to 
D d 2 | about 


* ob 


: = 

4 

. 

7 

E 
> . 
4 
Ls 
4 
4 
43 
7.4 


— 


Puma woke eee 
* — 9 N A * 2 
. — WF 9 * 


— * * 2 
j "5. 


4 OF ANTI NTA TED TARTAR. 


about half an dunce, are to be well waſhed off 
with cold water, and kept by themſelves the laſt 
red and thick Iixivium-muſt'be-thrown y. 

 Tartariſed tartar "antimoniated': — let ten 
ounces' of tartariaed tartar, and three drachms of 


Algaroth's powder, prepared as in tlie laſt pro- 


ceſs, be boiled in a glaſs" veſſel for half an hour, 
with one fourth of a kanne of water: let the ſo- 
lution be filtered, evaporate the browniſſi red lixi- 


vium til-x pellicle appears, expoſe it then to à dt- 
geſting heat, and eryſtals will ſeparate e by degrecs; 
theſe muſt be dried upon wet bibulous paper: 
when collected they only equal half the weight of 
the menſtruum; the ſaline cruſts, which -may be 
purified by waſhing, ſcarcely exceed one tenth of 
the tartarlzed tartar—the reſt, together with the 
dark red lixivium, ſhould be thrown-away: 


gx. Properties of antimoniated Tartar, 


The emetic falt, prepared after the manner now 
defcribed (unleſs the natural coaleſcence of the 
particles be ſomehow interrupted) is of an octae- 
dral figure, the pyramids ſomewhat more elonga - 
ted than thoſe of alum; the cryſtals are colour- 
leſs as water, and either wholly, or for the moſt 
part, tranſparent: the antimony conſtitutes about 
a third of their weight; they neither crack in the 


dir, nor attract moĩſture; but, hen old, aſſume 
boy — Whiteneſs ther en flame with" the 


blow- 1 
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blow-pipe, they decrepitate, hurn, emit, an an- 
timonial fume, and leave mo. the coal ſome me- 


tallic grains. 5 

In a moderate heat ( = diſtilled water Jidolves. 
about , its, own weight, or nearly three grains, 
in half an ounce; and that without any alteration, 
either in colour or clearneſs. Tincture of turnſole 
is ſcarcely, reddened by the ſolution; alkalis, whe- 
ther fixed or volatile, cauſtic or mild, precipitate 
it; the ſubtile ſnowy. powder which ſeparates ad- 
heres. very ſtrongly to the glaſs veſſels in, which, 


the operation is performed. | 
In the fixlt hxivium (4 Ix.) a remarkable differ- 
ence is oblerved with reſpect to this precipitant: 
for if it be entirely pure or cauſtic, a white, ſub- 
tile, and very ſpongy powder is ſeparated, which 
ſubſiding, remains unchanged; but if the alkali 
be mild, after a few hours the precipitate begins 
to concrete in the form of radu diverging from 
different points, reſembling thoſe: figures by which 
ſculptors imitate the ſun : but if the ſolution con- 
taining thoſe radiating mafles be expoſed to an 
heat of 30*, within a quarter of an hour the fi - 
gures diſappear, and nothing remains but a ſhape« 
leſs powder. 
That which is precipitated by common fixed al- 

kali after waſhing, being expoſed to flame, be- 
trays ſcarcely any antimony : it leaves a white 
ſpongy maſs which is totally ſoluble in marine acid, 
_ is ſo far from being diſſolved by vitriolic acid, 

Dd 3 | that, 
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that, by that acid, it is r e from the x ma · 
rine. * 
A like precipitate is 0 by m means of com- 
mon volatile alkali : but that which is obtained by 
cauſtic volatile alkali does not exhibit theſe figures; | 
gives out ſcarce any ſmoke when expoſed to 
flame; and forms an aſh-coloured, fuſible, but 
fixed laſs: : lime-water alſo precipitates it, but 
the precipitate is again diſſolved, upon agitation, 
unleſs a ſufficient quantity of lime- water had been 
added at firſt ;—in this men too the men 
E | 
By concentrated vitriolic TY a kad quantity | 
of white matter is thrown down, which again diſ- 
appears on agitation; if collected, waſhed, and 
expoſed: to flame, it firſt grows brown, and con- 
cretes into little maſſes, which afterwards sive out 
an antimonial fume, and are conſum ec. 
Hepar ſulphuris, dropped into the ane ſolu- 
tion, produces a ſulphur auratum. 4 , 
The reddiſh yellow colour of this Eairiunt de- 
pends upon iron, as is eaſily ſhewn by phlogiſti- 
cated alkali, which immediately generates Pruſſian 


xi. Properties of tartarized Tartar anti- 

Tartarized tartar, ſtibiated, forms rarely tetrae- 
gra), but generally octaedral cryſtals, if ſuffered 
Zh . 8890 
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een freely; of theſe ſome are pellucid, 
al void of all colour, others have a little opake 


whiteneſs ; the habits of the cryſtals, both in the 


air and fire, are the ſame with thoſe of the anti- 
moniated tartar : the metal forms about one-fifth 


of their weight. Diſtilled water, in a moderate 


heat, takes up nearly 2 its own weight, that is 
five grains in half an ounce, and {till retains its co- 
lour and clearneſs ; it ſhews fome faint figns of a 
ſuperabundant acid; the alkalis and vitriolic acid 
produce the ſame phenomena as we deſcribed in 
the former ſection; with this difference, that they 
are produced more ſparingly and flowly, and that 
the figures there- mentioned do not in this caſe 
occur. e 


, 


The ſolution of the firſt boiling is of a browniſh 


red, and the magiſtral lixivium ſtill more fo : for 
experiment ſake, a little diſtilled pure vinegar was 
poured in, and afterwards a ſingle drop of phlo- 
giſticated lixivium, and in an inſtant the blue co- 


lour appeared: the iron then, in this caſe, is pre- 
Aent without an acid; for, to decompoſe the 


phlogiſticated alkali, a double elective attraction 
is required. Many of the laſt lixivia, which are 
red, and do not readily form cryſtals, doubtleſs 
owe their properties to dephlogiſticated iron. 
Whence, in the preſent caſe, this metal can 
come, is not at preſent very clear : the aſhes are 


indeed boiled to dryneſs in an iron bes 5 but the 
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Cr. Brief Hiſtory of Magneſia. 


T the beginning of the prefent century, a 
certain canon! regular fold, at Rome, a fort- 

of powder, under the title of magneſia alba, or 
Count Palma's powder, which he afferted to be a 
| panacea: but the preparation of it was ſolicitouſly 
concealed as a profound fecret, until Mich. Bernh. 
Valentini, in the year 1707 (a), difclofed the me- 
thod of preparing it, by calcination, from the laſt 
lixivium of nitre. Two years after, Joh. Hadr. 


(a) In a diſſertation printed at Gieſſa. In his Praxis 
Medica, be gale vhis earth udn, 


* * 
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Slevoght (b) taught another and more eaſy me- 
thod of procuring it, by precipitation. After this, 
in 1717, Lanciſi (c) wrote upon this ſubject; as 
alſo did Fred. Hoffman (d), and other moderns. 
From that time the uſe of this powder has very 
| much increaſed, and it is now introduced into moſt 
diſpenſatories. 

Many conſidered this powder as R 
earth, as they were not acquainted with any other 
which effe rveſced with acids, and, above all, be- 
cauſe they negleQed all further examination. 
However, F. Hoffman obſerved, that it differed 
from the earth prepared from crabs eyes, ſhells of 
oyſters, and eggs, in this particular, that all theſe, 
united with vitriolic acid, afford an inſipid falt; 
whereas magneſia produces one intenſely bitter. 

At length the nature and properties of magneſia 
were completely elucidated by two of the moſt ce · 
lebrated chymiſts of the preſent age; l mean Dr 
Black, of Edinburgh, who publiſhed his experi- 
ments in 1755 (e), and the Principal of the aca- 
demy at Berlin, A. 8. Margraaf, who publiſhed 
his in 17 59, as it ſhould ſeem, entirely ignorant 
of Dr Black's Eflays (). Both theſe gentlemen 
have examined the nature of this n with the 
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utmoſt accuracy and diligence; and have moſt 
evidently ſhewn, that it differs altogether from 
lime: but, contented with diſcovering its proper- 
ties and diſtinguiſhing characteriſties, they paſs 
over its geneſis, as not being yet aſcertained by 
undoubted experiments. It is certain that the ge- 
neſis and reciprocal tranſmutations of bodies are 
ſubjeQs ſo deep, that nothing concerning them 
ſhould be determined from a light ſimilitude, or 
rude and imperfe& experiments; theſe being mat- 
ters which are only to be eſtabliſhed by the agree- 
ment of the moſt accurate analyſis and ſyntheſis. 
If we were at liberty to adapt obſervations, ex- 
periments, and the very nature of things, to pre- 
conceived theories, there would ſoon be an end 
to all the excellence and certainty of natural phi=  _ 
loſophy, and that ſcience would be entirely over. 
turned. | 
I ſhall, for the fake of e briefly re- 
late the diſcoveries of theſe two very expert chy- 
. miſts; but my chief labour ſhall be employed con- 
cerning thoſe circumſtances which they have either 
omitted, or touched upon but ſlightly. 


C 11, Preparation of Magneſia. 


This powder may be prepared in many different. 
ways; the moſt pure is that precipitated from Ep- 
ſom falt : ſcarcely more than halt the weight of al- l 
Kali of tartar is requiſite ; but as that ſalt is expen- | 
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mer caſe, 58 parts of alkali are requiſite ; in the 
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ſive, pot · aſnes are generally uſed: however, as, 
theſe! are commonly mixed with vitriolated tartar, 
and with ſiliceous earth, nearly an, equal quantity: 
is neceſſary : both the ſalts ſhould be diſſolved, in, 


at leaſt a double quantity of pure water; after, fil-, 


tration, they are to be mixed and boiled, then ſet, 
to ſtand at reſt, until a powger precipitates; the 
clear- water is then poured off, and freſh, warm 
water added; this again is to be poured off, and 
the operation repeated, until the precipitate is 
freed from all the heterogeneous matter, which 
can be waſhed away by water: finally, the 
whole reſiduum is to be dried upon a filter or a 
clotu. | | 0 
100 parts of Epſom ſalt produce about 42 


acrated magneſia; but only 25 of magneſia which 


does not eſſerveſce with acids: this difference 
depends upon the precipitating alkali, as it is ſatu - 
rated with or deprived of aerial acid. In the ſor- 


latter, about 45 the filtered 1 yields about 
32 of vitriolated vegetable alkali. 

The rationale of the as is this ths 
double portion of water, added to the two ſalts to 
be mixed, is not only ſufficient to diffolve them, 
but alſo the vitriolated alkali which is generated 
by the mixture. The vitriolic acid of the Epfom 
ſalt attacks the alkali, and expels the aerial acid, 
if any be preſent, which unites intimately with the 
deſerted magneſia: but the boiling prevents the 

magneſia 
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magneſia from being diltolved in Ad weer, by a 
ſuperabundance of the aerial acid. By calculation, 
58 patts of Alkali of tartar contain about 13 vf a- 
rial acid; rot of vhich are juſt ſufficient to fa · 
turate 19 bf pute magneſia; 22, therefore, are 
left tourte with the water: if this be equal or 
ſuperior to 1,388 parts, (for, in a moderate eat, 
water can take up at leaſt -0;0018 of its own 
weight), when thus ſaturated with aerial acid, 
therefore, it can take up nearly of the preeipi- 
tate, (S t v.): the menſtruum, therefore, "which 
diminiſhes the quantity"of the maſs required, be- 
ing volatile, müſt be expelled by heat. At firſt 
fight, it cannot but appear very ſingular, that ſo 
much alkali is neceſſary to effect a complete pre- 
cipitation; while, at the ſame time, not above 30 
parts of vitriolated tartat are obtained, which con- 
tain at moſt but 17 parts of pure alkali: but we 
{maſt 4 in general take notice, that, to effect a com- 
plete decompoſuion, the quantity of a precipitant 
which would be ſufficient to ſaturate the matter in 
a diſengaged ſtate, is by no means ſufficient,; triple, 
quadruple, nay ſometimes ſextuple the quantity, 
being nectſſary: befides, the alkali, which this 
caſe is ſuperabundant, renders the vitriolated tar- 
tar more ſoluble; ſo that * whole does not eaſily L 
cryſtallize. ' . 

The laſt lixivia of ee of 3 
| which refuſe to cryſtallize, contain magneſia, diſ- 
folved i in nitrous or marine acid; and the * 
* ſia 
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Ga, is collected by precipitation, ne to 
dryneſs, and calcination: if it is obtained from 
nitrous acid, it is called magneſia of nitre, to 
which the name of pulvis ſentinelli was formerly 
given ;—that which is got from marine acid is 
called magneſia of common falt : the former al- 
ways abounds in heterogeneous matter, particu- 
larly with lime; hence the nitrous lixivium yields 
more than four times the weight of powder which 
is obtained from the marine lixivium (g). The 
magneſia obtained by precipitation is very different 
from that obtained by calcination; as this latter 
can ſcarcely be entirely freed from marine acid; 


and beſides we ſhall ſee hereaſter the effect of the 
fire 65 111.). 


1 mi; 1 Pure wies Ok 
Comiwon magneGa, after having ing expoſed 
toa _ e ng not e eee with any aid: | 


my 9 1 Ib. of a nitrous ley . according to Spiel- 
man, 4 0z. of magneſia, by calcination, and 5 by preci- 


pitation. Margraaf, out of 1 lb. of marine ley, obtained 


1 oz. 14 drachm, and 10 grains, by alkali of tartar, and 


by volatile alkali 1 02.: when volatile alkali is uſed, a 


ſalt, conſiſting of three ingredients, is found in the li- 
quor, viz, of magneſia, volatile alkali, and vitriolic acid, 
which cannot be ſeparated by cryſtallization. Hoffman, 
in the laſt ley of the ſalt- works at Hall, found mag- 
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che aefial acid being expelled by the fire. If the o- 
peration be ptoperly conducted, 100 parts of mag- 
-nefia will loſe 55 of their weight: this loſs is oe- 
caſioned by the expulſion both of the water and 
the aerial acid. If the heat be violent, and long 
continued, a greater loſs of weight is found to take 
place, as the violence of the fire is capable of dif | 
"Hipating ſome even'of the fixed parts. 0 
After proper calcination,” I call the nageln 
F pure, becauſe it is freed from water and aerial 
acid: but it can ſcarcely be obtained perfectly 
pure, except by means of the volatile alkali: for 
the fixed alkalis, when uſed as precipitants, adul- 
terate the magneſia, frequently with lime, but al- 
ways with ſiliceous earth; with which the alkali of 
tartar is found loaded, unleſs when eryſtallized: 
the mineral alkali, when properly reduced to cry- 
ſtals, is likewiſe free from ſiliceous earth. Cal- 
cined magneſia diſſolves in all the acids but ſlowly, 
and without efferveſcence; and in this ſtate re- 
quires about the ſame quantity of acid to faturate 
it as before the calcination 3} and forms, with the 
acids, the very ſame middle falts: it does not 
grow ſenſibly warm with water, nor does it diſ- 
ſolve in it like lime; it is therefore a true earth, 
ſo far as can be collected from Pt 37 hither- 
to made, Ss | 


100 parts of pure imaged) ſtvoped in water, 
after drying are found to have increaſed in weight 
more than 18; whereas 100 of magneſia, ſatura- 
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ted with aerial acid, take up 66 (64 v.). The 


pure magneſia does not efferveſoe in acids, but in 
great length of time, in the open air, it recovers 
this property by attracting aerial acid from the at- 
moſphete: why:it-diflolves fo ls lowly i in . 
"We: hall ſee in ꝙ K. A 2 

3 ure magneſia cannot dent -any 5 
cept the volatile, of, its aerial acid, as acids have a 
ſtranger affinity: to them than to magneſia. It does 
not preeipitate lime gxater, but it ꝓreeipitates all 
metals, not-excepting platina, from their ſolution | 
in acids with: it: nitrated ſilver yields a: black ꝓre- 
_Slpitate, and corroſive ſublimate one obſcurely 
red. It alſo decompoſes ammoniacal ſalts, but 


wi; ſo that at fait there is ſearee any pereep- 


tible odaur; hut if the mixture he ſufficiently moi · 
ſtened, and) kept ra hours in a cloſe corked bottle, 
when the bottle ĩs opened the volatile alkaline ſmell 
will be obſerved very: unequivocally. 
Miagneſia expoſed l avety: in- 
tenſe heat, begins to coaleſce, and ſhew ſigns of 
fuſion, particularly the magneſia which is obtained 
from the lixivia by calcination. It flows eaſily with 
borax, or with the microcoſmie ſalts: with equal 
parts of flint and horax it aſſumes the form of a 


beautiful glaſs like the topaz: with equal parts of 


flint and mineral fluor, a glaſs is produced of the 
colour of the chryſolite fuſed: with an equal 
weight of fluor d ee Ws diſſolves 

unn. * N 


Magneſia 
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Magneſia, mixed almoſt in any proportion with 
lime, pure clay, and flint, flows in the fire; and, 
with. a quadruple proportion of green glaſs, forms 


a mals like porcelain, which gives fire with ſteel.” 
—»Eyen an equal weight of flint, of quick lime, of 


terra ponderoſa, of glaſs, of lead, of alkali of tar- 


tar, and finally of vitriolated tartar, will not flow 
alone with magneſia; but common clay runs 1 
it into an hard mas. 
Glaſs cemented in e reſembles How 
lain (2). 


F iv. Aerated Magneſia. 


That magneſia which is ſaturated with aerial a- 
cid I call acrated magneſia, becauſe it contains 
that acid which abounds in the atmoſpheric air: 


ſuch is that which is precipitated by a cryſtallized 


fixed alkali (5 11.); this efferveſces in acids, and 
by a flow ſaturation loſes, 0,2 5 of its weight the 


0% M. eee Sao e 
he expoſed magneſia, and at the ſame time calcareous earth, 
to a violent heat: the former ſhewed no ſigns of fuſion, 
nor did it even adhere to the crucible; the calcareous earth 
was fuſed along with part of the bottom of the crucible. 

had before aſſerted that magneſia was one of tlie moſt 

ble earths per /e, and promoted very much the fuſion 
of other earths ;— an opinion he now retracts. Macquer 
A 
earth. | 
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ſubſtance, of which the expulſion occaſions this 
loſs; being collected by a proper apparatus, and 
examined, is found to poſſeſs all the qualities of 
aerial acid. Hence it follows, that 100 parts of 
aerated magneſia contain 25 of that acid, 30 of 
water, and 45 of an earthy matter diſtinct from 
all others hitherto known (5 11t. and x1x.). Mag. 


neſta, fully aerated,” contains 30 Ib. in roo of ae- 
rial acid: it is therefore in reality a medial earthy 
falt, of which (when completely cryſtallized) a 


kanne of diſtilled water, in a moderate heat, takes 


up 47 grains. Water ſaturated with aerial acid 
diſſolves a fat greater quantity, even ſo far as an 
odunce and a quarter; provided the water, loaded 


with abundance of the acid, meets the magneſia | 
minutely divided, as in the moment of precipita- 
tion, as it is in that ſtate more expoſed to the ac- 
tion of the ſurrounding menſtruum. A ſolution 
of this ſort in the open air is gradually deprived of 


its ſuperabundant acid, which flies off, and thence + 


a portion of magnefia, which had been diſſolved, 


muſt ſeparate; this takes place firſt upon the ſur- 


face, as it is there the volatile menſtruum firſt 
degins to be deficient. The pellicle which is form- 
ed, on examination is found to poſſeſs the propet- 
ties not of lime, but of magne ſia. 

- Evaporation being conducted leiſurely, cryſtals 
alſo appear, partly conſiſting. of pellucid grains, 
OY of aſcicull of rays diverging from the ſame 

mom 


point (7). Diſtilled water, aerated; and ſaturated 
-with: magnelia, exhibits the following e 
with precipitants. 
( 4) It makes paper weakly tinged with turnſole 
more diſtinctly blue; paper ſtained red by Brazil 
wood it makes blue; and induces a light brown 
upon the yellow of turmeric: fo that at firſt we 
ſhould aicribe theſe changes to an alkaline mix. 
ture, which adhered in the precipitation, and had 
eluded the waſhing ; but this ſuſpicion ſoon falls 
to the ground, if we employ. magneſia precipitated 
with volatile alkali, as this alkali produces the ſame 
changes of colour; but ve muſt obſerve / theſe 
changes quickly diſappear, together with the vo- 
latile ſubſtance which has occafioned them; where- 
as thoſe made by magneſia, although precipitated 
by this alkali, are permanent; they therefore de- 
pend upon the earth alone. | 

(B) Upon the addition of acids, e 
bubbles, extremely thin, float on the ſurface 
theſe are occafioned by the aerial expelled by the 
ORR acids. 

(e) Aecrated fixed@Qkali occafiotis no hides, 
| unleſ⸗ che quantity of water be inſufficient for dif- 
| ſolving the magneſia and the alkah both together 
in which caſe the former is ſeparated : but if a 
pure cauſtic alkali be employed in proper quantity, 
the earth is nme gegen ee i. e. 
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metallic, are precipitated 
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incapable of efferveſcing with acids (5 1 11. ). Theſe 
alkalis are therefore capable of en. aerial 
acid from magneſia. % 
Lime (which in its peculiar 8 1 
ſome analogy to fixed alkalis) in this caſe has the 
very ſame effects as fixed alkali; when ſaturated 
with aerial acid it occaſions no change, but lime- 
water or quick lime precipitates the magneſia pure. 
The aerial acid adheres more readily to magne- 
ſia than to the volatile alkali; ; for if the former, 
when cauſtic, be added to the latter, and kept in 
a cloſe veſſel for ſome days, at length the alkali is 
found cauſtic, and the magneſia will efferveſce 
with acids. Another experiment ſeems indeed to 
overturn this; for magneſia diſſolved in water by 


means of aerial acid, is precipitated by pure vo- 


latile alkali: but it is to be obſerved, that here 
the precipitate efferveſces with acids, ſo that the 
alkali has taken away none but the ſuperabundant 
actial acid; and-the portion of magneſia, which 
was only held diflolved by the ſuperabundance, 


neceſſarily falls to the bottom. 


(Dd) All the middle ſalgg, whether earthy or 
y acrated magneſia, 
and that by means of a double elective attraction, 
as pure magneſia has not that effect. By this me- 
thod lime and terra ponderoſa, diſſolved in other 
acids, are thrown down; for while their menſtrua 
ſeize the magneſia they themſelves fall to the bot- 
n united with the aerial . as appears from 


; the 


& 
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the increaſe of their weight, and their property of 
en with acids. 

The precipitates occaſioned by pure magne: . 
fia gain no increaſe of weight, and, if they 


be metallic, aſſume colours different from thoſe 


of the precipitates occaſioned by acrated magne- 


ſia: the latter ſeparates corroſive ſublimate of a 


darker colour, but after a few hours the colour 
of both precipitates is a reddiſh aſh-colour. 
If to acrated magneſia, diffolved in water, be 
added a ſolution of corroſive ſublimate, the mix- 
ture. grows a little milky, and by degrees depo- 
" firs a quantity of white ſediment ; then by little 
and little, firſt upon the ſurface, and afterwards 
at the bottom, thin blackiſh cryſtals concrete, 


| compoſed of mercurius dulcis, and calx of mer- 


4 1 


cury partly aerated. 


The ſmalleſt drop of ſolution of mercury, in 


| boiling nitrous acid, is inſtantly and copiouſly 
thrown down of a browniſh yellow colour, by wa- 
ter loaded with magnefia, by means of aerial 
acid: but the ſolution of the ſame metal, made 
in the cold, yields a white powder, which, after 
a few days, grows greyiſh ; this happens becauſe 
the metal ny loſt little of its phlogiſton. 


Gn 


8 v. Vitriolated Magneſa. 


Vitriolated magneſia is called Engliſh ſalt, Ep- 


ſom ſalt, Seydlitz.or Seydſchutz ſalt, derivitg a 
155 E e 3 name 
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name from the place whence, it comes; but theſs 
all differ very little from each other, except in the 
proportion of ſalited magneſia which they contain 
mixed with them. On account of its taſte it is 
vulgarly called bitter purging ſalt; but it is with 
more propriety called, from its nature, vitriolated 
magneſia, eſpecially when it is free from hetero- 


geneous matters: — in cryſtallizing, it exhibits 


quadrangular priſms, with pyramidal e w__ 
are alſo quadrangular. 5 5 

Ibis ſalt is fo eaſily ſoluble, that a eras of 
diſtilled water, in a moderate heat, can take up 
79x ounces, but by boiling 140, before a pellicle 
appears; yet this laſt ſolution, hen expoſed to 
cold, concretes totally The bulk of the water is 
encreaſed about o, 45, by the addition of the ſalt, 
and the heat of boiling; a circumſtance. which 
ought to be taken particular notice of in deter- 
mining the quantity of it; for in general the 
quantity of water is determined by the meaſure of 


the ſolution, which is always fallacious. If regu- 


lar cryſtals are required, the eyaporation mult 
only be continued until a drop let tall on a a 


ſurface concretes in a few minutes. 


nn n 3 * 1 


This ſalt, expoſed to a dry air, firſt les its 
tranſparency, and at length falls into a white pow- 
der : by complete calcination all the water of cry- 
ſtallization flies away; this water forms nearly 
one half of the whole, amounting to o, 48: hence 
therefore it appears, that 100 parts contain 19 of 

3 | 7 5 purg 
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ter (8 11% 
Fixed alkali quickly precipitates. * as _ as 
the volatile alkali when aerated, nay even that 


which is commonly conſidered as pure. This laſt 


caſe ſeems to indicate a doubt with reſpect to the 


degree of affinity : as pure magneſia, added to 


a ſolution of that ſalt which is called ſecret ammo- 

niac, and kept for ſome days in a; bottle cloſely - 
ſtopped, diſcovers, upon opening the bottle, a 
diſtinct odour of volatile alkali: this pręcipitation 


may be attributed to other cauſes. Thus the vo- 


blaue alkali can ſcarcely. be procured. perſectiy 


pure, being either adulterated with water or aę - 


rial acid: beſides, the pureſt, when expoſed ever 


ſo little to the open air, or to air newly d 


from che lungs, inſtantly attracts à portion of chat 


acid; and thus, by a double clective attraction, 


acquires the property of being decompoſed; yet 


nerally exhibits, on ſolution, very ſlight marks of 
efferveſcence: this the love of truth obliges me t 
gonfeſs; ſo that if this precipitation be wing 0 
the aerial acid, it is evident that a. much ſmaller 


quantity. of it ſuflices for this purpoſe than dar. fa- 


turation: but theſe cauſes are accidental; ,there;is 
one, however, which is conſtant, V. Yo the vola- 
tile alkali is very ſtrongly united with magneſſa 
and vitriolic acid; now in this triple ſalt the acid, 

_ entirely _— to che magnelia, * 
Dan 4 


pure magneſia, 33 of yitriolic acid, and 48 K- 
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e den in a certain ratio between 4 tuo; 
and hence the magneſia, which does not enter in- 
to this new union, is ſeparated, and falls to oy 


bottom. 


Lime · water ſeparates mw from the vitrio- 
lic acid, although crude or aerated lime has no 
effect; hence it evidently appears how much the 
- efficacy of this ſubſtance is affected an by an 
union with aerial acid. 

The acid of ſugar, added in proper quantity, 
takes away the whole earthy baſis from the vitrio- 
| lie acid, and precipitates it to the bottom in the 


form of a white powder, eſpecially if the ſolution 
be inſpiflated by gentle evaporation; for other- 


wiſe, by means of the er pev acid, we 
emo part is held ſuſpended. - 
In the ſame manner the vitriolic (which in 


power of attraction is among the ſtrongeſt) yields 


magneſia to the fluor acid: at firſt a very ſmall 


ſediment falls, but during evaporation the fluora- 


ted magneſia by degrees appears; in this caſe, 
however, heat muſt be carefully avoided, as by it 
the more volatile of the menſtrua are much weak- 


ened. The vitriolic acid is alſo expelled by the 


acid of phoſphorus, at leaſt when the watery part 
is ſuſficiently diminiſhed by evaporation; ſpirit of 


wine coagulates the mixture in the ſame manner 
PW does with phoſphorated magneſia. 


Rectiſied ſpirit of wine does not take up vitrio- 
lated magneſia, which may by it, therefore, be 
5 e 


: ſeparated Boon wut In proportion as the la- * 


tion is more ſaturated, and the ſpirit more pure, 


the coagulation happens more quickly; ſo that in 
a few minutes the whole mixture u concrete he 
to a ſolid maſs. e l 


The Seydlitz, Seydſchutz, or e kale ® 
are got by evaporation from the water of foun- 
_ tains, in the places from whence they borrow 


their names. Theſe waters contain other ſubſtan- 


ces, and from hence, excluſive of the difference 
in exſiccation, the falts vary; hence the Seydlitz 
falt ſcarcely attracts moiſture from the air. The 


"Epſom or Engliſh falt is prepared from ſea· water, 


after the cryſtallizations of the common falt, by 


contains a portion of acid; this acid, quittin 


' boiling, and by adding colcothar of vitriol, which 


the iron, unites with the magnefia, and produces 
a cryſtallizable bitter ſalt. That which comes to 


us under the form of cryſtalline acicule contains 
fo much ſalited magneſia, either united with the 
water of ' cryſtallization or adhering externally, 
that it eaſily deliqueſces by the moiſture of the 


(4) The Epſom falt was firſt ed hy Ge fn 1675; 


but as only a much ſmaller quantity than was uſed could 
de got from ſprings, chymiſts anxiouſly ſought for an ar- 
_ tificial mode of | compoſing it. Hankwitz prepared it at 
London, from common ſalt, or the laſt ley of this and 


calcined vitriol, Eph. N. C. cent. 3. and 4. Others found 


it in different ſprings : Bertrams, in thoſe at A 
SGehrardten in thoſe at Oberneuſultz, * | 


Ax. | 
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ans + The cryſtals. of this falt e 
—— are ſoſd for Glauber's falt; and 
on the other hand, in France, Glauber's ſalt, be- 
ing reduced to ſmall, ſpienlæ, by agitating it du- 
| ring the cryſtallization, is ſold for Epſom ſalt. 
Theſe frauds are indeed of little copſeguence, 
20 they throw a. veil over the truth, and are not 
eaſily diſcovered. Thus, lime-water does not 
precipitate: genuine Glauber's ſalt; but Epſom falt 
inſtantly, yields up ts, acid to the lime, and a ſele- 
nites, together with eee magneſia, falls to 
the bottom. t Seins * l 16h 
Vitriolated magheſia dees not give up its a 
en een 2 10 16 2 Fo 3 261 22 
Pblogiſticated ritriolic acid allo diſſolves mag- 
Bela; but the middle ſalt, ariſing from this com- 
bination, is eaſily diſtinguiſhed 2 * Epſom ſalt 
by, its taſte; it alſo yields ſmaller cryſtals, and, 
upon the addition of any acid, even vinegar, it 
gives out a pungent and ſuffocating vapour; it is 
{ep from water by ſpirit of wine, although, 
by the acceſſion . of phlogiſton, it thould ſeem to 


approach nearer to that inflammable menſtruum. 


19 E,, * 0 trier. Bux 27 e 208804 »6T . 
22 $1 vi. Nitrated Mine: ns 26 nud 


2 "x * 
* 


The nitrous acid, ſaturated wih tnigneſta, f 
ter proper, evaporation, yields prilmatic, quadran- 
gular, ſpathous cryſtals, without apices ; theſe 
* an acrid, and, at the ſame time, an cx- 
ceeding 


\ » 
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eeeding bitter taſte, and eaſily deliqveſce in the 
air: if paper be moiſtened with a 4 ute ſolution 
of it, after drying, it burns with a green flame; 
which colour agua ſortis alone, in the ſame way, 
frequently exhibits... 3 a a6 ic an 
Ihe acids of fiyor, of ſugar, of phoſpharut, 
and vitriol, take away magneha from the nuroue, 
a circumſtance. which yet eſcapes, obſervation, for 
theſe new combinations arc ſoluble in nitrous acids 
they may, however, be brought into view. either 
by evaporation, or by dropping in highly reQified 
ſpirit of wine, 28 this, We ee the water, 
precipitates the falts,,.. 7 2 to vis 0 
Nitrated magneſia yields/ 1 26d on diſtillationg 
it :difſolyes completely i in ſpirit -of wine: in this 
gale, however, its fame is not green, by becomes 
larger and more vivid than before... + 441g 
 Phlogiſticared nitrous acid farurated with mage 
neſia,, betrays itlelf by its taſte, and, on the addi- 
tion of any, even the. vegetable acid, by its ſmell; 
but theſe principles are ſcarcely ſeparated by the 
phlogiſticated vitriolic acid; at leaſt the addition 
of rectiſied ' ſpirit af. wine 0er e me. _— 
WOO r vitgq s DAEMON ei e ÞR 
FTF 
"© s Lime-water decompoſes nitrates anne In a 
memoir on the treatment of the mother leys of nitre, I 
| have pointed out this Proceſs as very advantageous, - not 
only for completing the analyſis of them, but alſo for ſe⸗- 
ping nnn at final ex pence. * 
# 6 941 8151 And Us Maven, 
” | | $ VII. 
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_ expoſed ſuddenly to extreme cold; but the acicu- 


ey is ſomewhat obſcured ; and when the fatura- 
Gon is finiſhed, the ſolution quickly coneretes in- 


while warm, yields ſpongy © maſſes, not ſoluble 


even in marine acid: a jelly of this ſort is produ · 


cipitating alkali. 


of the magneſia without any 'other afliſtance : 


is true not only of the ſolution. made by marine 


: 
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lagneſia, diſſolved in maritie acid, has an ex- 
ceeding bitter taſte, and cannot be cryſtallized, 
unleſs, after being much inſpiſſated by heat, it be 


l which concrete upon this occaſion ſoon deli- 
queſce by the moiſture of the atmoſphere. While 
the marine acid diflolves magneſia, its tranſparen- 


to a jelly of a watery colour; which, if diluted 


ced by the acids of nitre, of ants, of vinegar,” and 
others, but does not appear in the filtered ſolu- 
tions; for the moiſture being in a great mea- 
ſure Spied theſe yield a viſcid matter like 
gum, which, when well waſhed, is found to be 
filiceous (5 xv.) owing to the 1 impurity of the = 


If acrated magneſia be employed, the derbi 
acid which is ſeparated is partly abſorbed by the 
water, which, by this means, takes up a portion 


hence, when the ſolution is finiſned, it changes 
vegetable colours like an alkali ($ Iv. A.); which 


acid, but of all Ow unleſs the acid ſolvent be 
ſuperabundant. 


fuperabundant. If, therefore, an exact ſatura- 
tion be required, it is more eafily had by pure 
magneſia; for if aerated, in order to anſwer the 
end, an accuracy extremely troubleſome is requi- 
ſite; for either the ſuperfluous aerial acid muſt 
be expelled, or the ſaturation muſt be deter · 
mined by repeated trials. . 

Salited magneſia difſolves in i ſpirit af wine, Ws 
is ſubje& to the ſame laws of affinity as the ni- 


| trated, except that this is ſoluble in nitrous acid 


for on adding that acid, and evaporating, nitra- 
ted magneſia is formed; beſides, the acid of ants 
- unites intimately with ſalited magneſia, forming a 
eryſtallizable falt compounded of three ingredi- 
ents: this combination yields its acid to a diſtilling 
heat. | : 90 | 


3 VIII. Fluorated Magneſia 


| The fluor acid (n) at firſt violently winds, mag- 
| neſia; but as the ſaturation approaches, certain 
particles, almoſt inſoluble, are ſeparated; and at 
length, when the ſaturation is complete, the wa- 
ter, which hardly diſſolves the fluorated magneſia, 
lets fall at once all that the eee 
taken up. | 


(m) This acid was deſcribed by its experienced inven- 
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That portion which can be diflolved by means 
of abundance of acid, on ſpontaneous evaporation 
concretes above the liquor to the ſides of the veſ- 
ſel, in the form of a tranſparent mucilage, mark. 
ed with long and very ſlender cryſtalline threads; 
but at the bottom we find ſpathoſe cryſtals, which, 
though not eaſily diſſolved, are yet not entirely res 


jected by ſpirit of wine. Their form is hexangu- 


lar priſms, nil a lo nm compoſed of 


three rhombi. . 


Neither vitriolic, nor any abs ada acc 
poles. fivoratos magneſia by the humid way: this 


combination, when alone, and pure, does not 
yield its acid in the moſt intenſe! heat of diſtilla- 


- . : * 
1 * : 
, % . - 


$ I. Arſenicated Magneſia. 


The acid of arſenic (n), united to ſaturation 
with magneſia, is with much difficulty ſoluble in 


water; and therefore, like the former combina- 


tion, the whole ſubfides, and is again diffolved; 
if tuperabundarice of acid be added: upon evapo- 
ration it then yields no cryſtals, but a viſcid maſs 
lice gum; which is not precipitated by ſpirit of 

wine : yet it is worth obſerving, that the acid of 


Kubi men to pre an, which le- 


( This sc e he Gon deferibed by Mr Schecke, in 
the Stockholm Tranſ. See Diff. XXI. vol. ii. 


j | 77 
8 wiſe 


4 * 


duces elegant priſmatic cryſtals, which may be 
called ſolar, as many of them diverge like rays 


from a point; the reaſon is doubtleſs this: the 


acid of arſenic, unleſs when ſuperabundant, cans 


not ſuſperid the magneſia, but all ſuperfluous acid | 


_ impedes cryſtallization ; now the acetous acid=dif- 


ſolves the arſenieated magneſia, and, ſuffers it to | 


concrete into cryſtals by a flow evaporation ; and 


the ſame thing takes place, if the acetous acid be 
_ expelled from the magneſia by the acid of arſenic: 


theſe cryſtals, in a long continued heat, caleine ſo 
far as to grow opake and white. What has been 
now ſaid of vinegar holds with reſpect to nitrous 
acid, marine, and the acid of ants ; by all which 
arſenicated magneſia is not decompoſed, but difs 
ſolved, and yields ſolar cryſtals.: this ſeems to af- 
ford a method of cryſtallizing ſalts which are dif+ 
ficultly ſoluble ($ x. xv. ); viz- let the water be 
ſharpened with ſome ſuitable: ny which will not 

alter the ſalt required (o 
required (o). The 


(se) This ptocefs opens à new field for obſervations; it 
will be uſeful on many occaſions : but I doubt whether a 
pure ſalt can be by theſe means obtained; the ſuppoſition 
appears repugnant to the general and conſtant laws of ſo- 
lution ; for a cryſtallizing body always, of neceſſity, re- 
tains a portion of the diffolving fluid; this, in the falts, is 
called rhe water of cryſtallization: and if vinegar here 
performs the office of water muſt not the falt' retain the 
vinegar of cryſtallization ? ? 'This caſe is different from the 
precipitation 


\ 


wiſe forms nothing but a viſeid mals (5 x1t1.) pro- 
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The nor acid, the acid ef fagar; of -pholplioe- 
rus, and vitriol, ſeparate magneſia from the acid 
of arſenic; but the acid of tartar, united with 
arſenicated magneſia, is genirally found. 't9.;0omy 
nnn. M f 

Wm fak is not decompoſed by fire unleſs with 
saddle of phlogiſton; in which caſe the acid 
nnn 


$ x. Boraxated Magneſia. 


The elde ſubſtance which 4 in We is united 
to the mineral alkali, and is called the ſedative 


fult by Homberg, ſhews, upon W 


precipitation of ſalts by ſpirit of wine, — 51 is only. a 
ſudden abſorption of the water, and requires that the 
falt ſhould not be ſoluble in the added liquid: on the 
contrary, we are forced to admit a real affinity of the fluid 
with the ſalt, a gradual approximation not of the ſalt only, 
but of the integrant parts of the ſolution itſelf, in conſe- 
quence of the evaporation of the ſuperabundant portion of 
the ſolvent ; it is therefore impoſſible that this adheſion of 
the principles ſhould ceaſe ſuddenly, without any new cauſe 
ſupervening ; or that the ſalt, thus abandoned, ſhould aſ- 
ſume a regular form. To object the uniformity of cryſtals 
produced in this manner in different acids, is in vain : that 


the two principles conſtantly exiſting in theſe combinations 


ſhould, with reſpect to cryſtallization, be endowed with pro- 
perties that a third cannot deſtroy, i 18, I think, much more 
probable ; it is certainly not without cxample, even in the 


yy ſalts. Morveau. 


— 
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doubted though weak marks of an acid nature, it 
even attacks ſome metals, ce. 
If magneſia be put into a ſolution of this; it will 
be diffolved; though very flowly, on account of the 
weakneſs of the menſtruum, On evaporation irre- 
gular cryſtalline grains appear: the principle of con- 
nection in theſe being very weak, they may be ſe- 
parated in the humid way by other acids; even ſpirit 
of wine ſeparates them, but takes up a part of the 
| acid: vinegar and acid of ants diſſolve this ſalt 
entirely; and, when the moiſture is diſſipated, 
it appears in the form of ſpiculæ, on which others 
ſtand at right angles: it flows in the fire, and that 
without any decompoſition; nay, the acid of bo- 
rax cxpels from magneſia, by the aſſiſtance of heat, 
— the acids 3 are rolatilized * heat. 


$ xt. 2 10 Nee ; 


The peculiar acid which reſides in fugar has al. 


ready been deſcribed, together with the beſt me-. 


thod of obtaining it pure: this diſſolves magneſia, 


and holds a great quantity of it ſuſpended; but 


when ſaturated, it falls to the bottom, refuſing to 


unite with water, which has already been obſer- 

ved in other inſtances (F var. Ix.): it is 3 

ſoluble in ſpirit of wine. 

Ide fluor acid alone is capable of aking mage 

neſia from acid of ſugar by the humid way. 

This falt, when ignited, ſends forth all iWacid ; 
*FOL 1, ns © + 90K 


j 


nor does it ſhewany veſtiges of a coal, as the tar- 
tarifated e 000 el N G 8 


'$x1 1. 32 artarſated Magncſs. 


The genuine (H) acid of tartar takes up mag- 

nefia in the very ſame way as the former acid; 

and the portion which is ſuſpended by a ſuperabun- 
 _dant acid falls by evaporation in polygonal tranſ- 
parent grains, reſembling ſhort hexangular priſms 
truncated at both ends, and more or leſs irregu- 
lar: ſpirit of wine with difficulty attacks this ſalt ; 
and therefore, when added to a- ſolution of it 
in water, tnmediktely , thrower down n 5 
grains. 
I) be acids of fluor, . e e vitriol, 
nitre, and ſalt, decompoſe tartariſated magneſia. 
This ſalt readily melts in the fire, boils, ſwells, 
and yields a coal, which, when burned, at =o 

leaves the magna free. | 


XIII. Atetated Magneſi 1a. 5 


Vinegar, though loaded to ſaturation with mag- - 
pores yet diſſolves readily in water: however eva- 
poration be conducted, no cryſtals are obtained; 
but at en a viſcid Cnr conc maſs” "oo | 

1 
@ See the Stockholm o Tran "5 1770. | 
wich 
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which: parts with the 2 2 diſtillation, © Spi- 
rit of wine may be completely mixed way this i 
line liquor. = 

All the acids, except rhlogifticated vitriolic and 
nitrous acids, and the uur 1 n ace - 
tated e | 


57 


5 11 I OY Entra bete ia. 


The acid of ants, when ſaturated with 1. 
| * quits the water, and falls to the bottom: this 
is again ſoluble in ſuperabundant acid, and depo- 
fits cryſtals upon evaporation, which' are very dif- 
ficultly ſoluble in water, are void of taſte, do not 
melt in the fire, but ſwell and decrepitate a little, 


ſoon grow black, and ſplit at length into a White 


powder, which efferveſces with acids; becauſe the 
acid of ants, when it is deſtroyed, yields aerial 


acid to the magneſia : the figure of the cryſtals | 


is hemiſpheric, the cutting plane being oblique, a 


little concave, poliſhed, with ſtrizs (which are 
ſcarce diſtinguiſhable by a glaſs) diverging from a 

center very like the tubercles of liverwort : hence 
the acid of ants is readily diſtinguiſhed from vine- 


gar, to which, in other reſpects, it is very like; 


it, as well as phlogiſticated vitriolie and nitrous a- 


ey 


— 


cid, takes away magneſia from the acid of ants: 


one half the weight of this ſalt is magneſia; one 


part of it requites thirteen of water to diſſolve 1 
e mn 
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Tue acid of phoſphorus takes * al- 


moſt in the ſame way as the former; but that 


which is taken up by a ſuperabundant acid, as ſoon 
as evaporatlon begins, yields cryſtalline grains, 
which are ſomewhat larger in acetated magneſia 
vhen the acid of phoſphorus has been previouſly 
added; and that for the reaſon aſſigned ( 1x.); at 
length, however, he whole . alle (00's a . 
eid maſs. | % 

By the „std way the acid of phatphods ing 
Sg magnefia from all the acids, except the fluor 
20 
latile acids are expelled. 

A ſolution of phoſphorated N grows 
cloudy upon the addition of fpitit of wine; but 
»when the ſpirit is diſſipated by evaporation, the 
clouds again diſappear. 

In general, it is proper to obſerve, that ſolu- 


Saks e magneſia, in all the acids, are 


of an opal colour, oecaſioned by filiceous a- 
40ms which remain 1 mm arena arte ng 


« | 


7 oY IF the Galle dares thy 


(faxed with ici Sg cryſtals are formed, which 
efflorelee i in the , air. b See. J. 1 on the Acid of 


nts. . 


that 
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that operation is neglected, fall by degrees to 


the s _ morn} m_ A Wer Lp "maſs 


uy r To l 1 % 
al lde ay obs : leeaaid | 2 Ft . i” Atl 
; XVI, Whether Magneſia be ſoluble it alta 
| . yo 1 | | 45 
e 7 RI Liv 7 


Mars bs x are 5 meh a Tis, that they poſ- 
ſeſs an attraction both for acids and alkatine'then- 


-Ftrua/ Among theſe it will be ſuſficient to men- 
tion copper, which is diſſolved, not only by acide, 


but by alkali, eſpecially the volatile, which forms 
with this metal a eryſtalizable ſalt; it has been 
properly enough doubted, whether magneſia was 
one of this kind of bodies?” Margraaf, in the pre- 


eipitation:of magneſia, cautions us againſt the uſe 
of too much alkali, particulatiy the mineral and 
volatile, as theſe again diminiſh the quantity of 


precipitate which had been before thrown' down: 
wks that noble candour with which this illuſtrious 
man always relates his experiments, he confeſſes, 

at the ſame time, that he eould not effect a direct 
ſolution, although ſome bubbles appeared; which 


ſeemed'to/indicate ſome kind of action in the men. · 


ſtruum. In this very buſineſs all my labour, too, 
was in vam; but we now know that the earth, after 
having been thrown down, may again difappear by 
another medium, viz. aerial acid (F 11.) . To this, 


therefore, and not to the ſole action of the alkali, 
we” we to attribute this phenomenon ; ; eſpecially 
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as the thc attending it agree exactly 
with the nature of the alkalis; for, in the ſame | 
weight, volatile alkali contains more aerial: acid 


than the fixed mineral ; and the os leaſt of 
N bY, 1 


. : 4 1 & 4 7 * 
6 4.:.Y 5 ' _— * — . * Fs 
- 


$xvn. . Magnefi diate . 


- Magnefia made ſulphur both bythe Sona 
* humid way; but the connection of theſe ſub- 


ſtances is ſo looſe, that they ſoon ſeparate in the 
open air. Let of a bottle, containing a pound, 


be filled with diſtilled water; let a handful of mag- 
neſia, and as much flower of ſulphur, be put in; 
let the air included above the liquor be rarefied 


by heat, and the bottle then ſhut cloſe; let it be 


then kept in balneo marie for ſome hours; and, 
after cooling ſufficiently, when the orifice is open- 
ed, a manifeſt hepatic odour ſtrikes the noſtrils; 5 
but the water itſelf, when filtered, yields, with a 
lixivium of fixed alkali, a ſediment, which is ſo- 
luble in acids. With ſolution of ſilver, it grows 


black and turbid; as alſo with ſaccharum ſaturni 25 


on ſpontaneous evaporation, the bottom of the 
veſſel is, at length, found covered with a pellicle, 


interſperſed with cryſtalline aciculæ, which diſſolve 


with efferveſcence in acids, except a greyiſh pow- 


5 which, thrown on ye * gives out a ſul- 


9. See Diflertation 1, $v vin. « 3 
phyreous 


OF MAGNESIA. as3 
phureous ſmell, but no flame; which undoubtedly 
ariſes from hence, that the A is n ug 
h een with * e. n : 


” , Fett 1 
- F 1 3 
e N E.\ * + # 4, * „ 


TY 


'S XVII. Eletive Attradtions of Manta.” 


The bananen abo related, point out the 


following order of elective attractions, in the hu- 


mid way, viz. firſt fluor acid (4 x—xv.); acid of 


ſugar (vii; XI. xv.); - phoſphoric acid (xr. xv. 


v.); vitriolic acid (xv. v. 1x.) ; arſenical acid 


(1x. v. V1.) ; nitrous acid (1%. VI. VII.); matine 
acid (vi. VII. XII.); acid of tartar (vir. XII. 
X.) 3 acid of ants (x. XIV. XIII.); acetous acid 
(xiv. xIII VI.); acid of borax (x11. x. XIV.); 
phlogiſticated vitriolic acid (v1. v.); phlogiſtica- 


ted nitrous acid (XIII. V1. v.); aerial acid (1v.)3 


vater (111.); and ſulphur (xvII. . 
In the dry way, the order is different; for in 


this the more fixed, though weaker acid, by | 


means of the heat, overpowers the volatile, tho 
ſtronger. Let . denote any ſubſtance attracted 
by two menſtrua ; the ſtronger, in a moderate 
heat, by the elective attraction a, the weaker by 
the elective attraction a; let us then ſuppoſe the 
firſt more volatile in the fire, and denote its niſus 
to riſe by v, and the niſus of the other by v it 
now appears, that is attracted by a force = 4 
- a; but let the heat be continually increaſed, 


and this force will be continually changed. Now, 


* F f 4 ; ſince 
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cloſely, ve ſhall find a remarkable SWmnilitude ; 
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will be = v —v ; but when the fire is further in- 
creaſed, the equilibrium will be deſtroyed, and the 


| ries, which was before weaker, will pre- 


vail. The caſe will be more ſimple, if we ſuppoſe 
the weaker menſtruum entirely fixed, that is v= o. 
In the Treatiſe on Elective Attraction, we ſhall exa- 
mine more minutely how fire crpranlre the pinoy 
ity of bodies. 8 

Hence the acids which at are nad, fat W. as | thoſs 
of phoſphorus, arſenic, and borax, are found to 
prevail over all others; and from experiments the 
foregoing table is to be altered in the 8 
manner, viz, acid of phoſphorus, of arſenic, of 
borax, vitriolic acid, acid of ſugar, nitrous acid, 


marine acid, acid of fluor, of ants, ot vinegar, 


phlogiſticated | yitriolic and nitrqus acids, and, 
laſt, aerial acid. The acid of tartar has no place 


here, „ee by © denen ee of 


f Ta 8 4 2 
0 : N 


S's 114. dureh. aher, 8050 Lime. 
. Magneba, and. lime agree in this reſpedt, an 


they both diſſolve in acids, with efferveſcence ; 


yet terra ponderoſa and aerated alkaline ſalts poſ- 


ſeſs the very ſame property; a circumſtance which 


indicates no more than the preſence of aerial acid 
in all of them. But if they are examined more 


we 
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the particulars of which we ſhall briefly relate, that 
the true nature OOTY e e 0 
N diſtinctly known. 

| ves ola ee (not acriths 
be) Magneſia, after a ſufficient calcination, is 
rendered inſoluble, (lime ſoluble). Pure magnefia 
makes none but the volatile alkali cauſtic, (lime 
imparts cauſticiry alſo to fixed alkali). Magneſia, 


| bitter ſalt, 'ſaluble in about an equal weight of wa- 
ter, (lime yields a ſelenite almoſt inſipid, ont part 

of which requires more than 400 of water). Mag · 
nefia, with nitrous acid, produces a cryſtallizable 
falt, (nitrated lime can ſcarcely be brought ta 
cryſtallize). - Magneſia, with marine acid, totms 


a liquor, which; on diſtillation, eaſily loſes tha 
menſtruum, (lime does not). Magneſfia, with vi- 


negar, refuſes to eryſtallize, (time exhibits ſeveral 
ſingular vegetations). Magneſia is not thrown 
down from other acids by vitriolic acid, (lime pro- 
duces gypſum, which inſtantly falls to the bottom). 
Magneſia attracts the fluor” acid, in preference to 
all others, then the acid of ſugar, and the reſt as 
above deſeribed, (lime effects the ſame menſtrua 
in a very different order). There are many, 
o reumſtances already mentioned, which, compa- 
red with the known ene of _ _ evi- 
dently ſhew the difference,” 5 

80 great and ſo conſtant is the ee thas 
theſe ſubſtances ought no more to be confounded- 


when ſaturated with vitriolic acid, conſtitutes a 


f 


— 
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As the magneſia obtained from the nitrous lixivium 
is almoſt always mixed with lime, in accurate exa- 
mination this impure earth ſhould not be employ- 
ed: ©: whoever wiſhes, then, to examine the true 
nature of magneſia, ſhould employ the baſe of the 
ſal amarus, as that, if NP nne will never 
deceive him. SOT teck SHE ee 
But it has been ſuggeſted, tate: els is 
lime altered, putting on, pro re nata, now the 
ſhape of lime, now entirely putting it off; it is 
ſcarcely poſſible, that the ſame ſubſtance ſhould 
acquire properties ſo different: in the mean time, 
while we are only ſpeaking of poſſibility, we ean. 
| fay no more than that, as yet, chymiſtry labouts: 
under ſo great imperfection, that it cannot, 4 
Priori, determine whether or not the powers of 
nature be ſufficient to effect ſuch a metamorpho- 
ſis; but we muſt not, from a bare or diſtant poſ- 
ſibility, believe the real nen of. nnn. 
tion. N 
9 are not difturbed bo vague 38 
tions. Accurate experiments, both analytic and 
ſynthetic, and theſe accurately employed, at all 
times and in all places afford the ſame reſults; the 
vitriolic acid, ſaturated with lime, produces gyp- 
ſum; with magneſia the ſal amarus, and that 
conſtantly. In order to obtain gypſum from lime- 
water, we need no other artifice than a perfect 
ſaturation: if the acid menſtruum is ſuperabund- 


—_ — is indeed produced, but ſo. much pe- 
netrated 


By 
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netrated by the acid, as to deliquiate in the air, to 
preſerve its poliſh long in the fire, and to flow very 
readily; but if this acid be ſuperfluous; or ſaturated 
or ſeparated by means of ſpirit of wine, a true gyp* - 
ſum appears; which will hereafter be ſeen, when 
ve examine lime. Varieties, occaſioned by the 
abundance or deficiency of a proximate principle, 
cannot properly be called tranſmutations; the 
vitriolic acid remains truly and totally, in itſelf, 
unchanged; the ſame may be faid of lime; al- 
though, according: to the variety of quantity in 
each, they may both be varied three different 
ways: for either they are both ſaturated, or the 
acid abounds, or it is deficient; in each of theſe 
eaſes a true gypſum is produced; but in the ſecond 
caſe it is loaded with a diſengaged acid; in the 
third, with a lime not diſſolved; and hence its 
nature and properties muſt be more or leſs obſcu- 
red: that this is the caſe is evident; and beſides, 
theſe two principles may be again ſeparated in all 
reſpects the ſame as they had been before their 
union; a circumſtance which does not agree with a 
real tranſmutation; at leaſt, if the meaning of that 

word be extended ſo far, it will rh to all the 
neutral and middle ſalts. | 

At the time when men were ignorant of the 
true preparation of Epſom falt, various opinions 
were entertained. upon that ſubject ;_ and among 
others, it was thought, that lime, firſt diſſolved 
in marine acid, then ** by vitriolic acid, 


N 
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filtered, and evaporated to a pellicle, would yield 
true Epſom ſalt. But whoever. tries the experi- 
ment will ſoon. find, that the precipitate firſt 
thrown down, and the acicule after, when waſh- 
ed in ſpirit of wine, are no other than perfect 
gypſum: this, on account of its being but juſt 
made, and therefore not yet deprived of the ad- 
hering liquor, has a taſte acid, and ſomewhat 
bitter, partly occaſioned by the matine acid ſtill 
diſengaged, and partly from the lime: but if, by 
means of filtration through. paper, or, which 1s 
better, by ſpirit of wine, it be deprived. of its li- 
quor, it ſhews- all the properties of genuine gyp- 
ſum, unleſs magneſia be mixed with the lime, as 
we ſhall afterwards ſee (XR. ). In this caſe, 
therefore, there is no real tranſmutation; which, 
if it took place, would undoubtedly prevent the 
production of the ſmalleſt n of — 
. 
Nor ſhall we l ee if, eee * 

i ahi: directions of others, lime. precipitated from 
nitrous or marine acid be moiſtened, and after- 
wards expoſed to calcination, with ever ſo great 
caution: certainly, by this method, nothing 
more can be had than lime more or leſs impreg- 
nated with the acid, in proportion as the e 
mum has been leſs or greater. 

: Magneſia, Precipitated by an alkaline al fem 
Loxivium of nitre, is | readily diſſolved in vitriolic 


5 6r MAGNESIA: | een 
- of fplom falt; dür what Which is e | 


tion and calcination neither efferveſees, nor ſeems 
to be diminiſhed in that menſtruum. Hence 
magneſia is ſuppoſed to be transformed into lime 
by means of fire; but the true reaſon of the phæ- 
nomenon is very different: the acid attacks cal - 


eined magneſia, indeed, but very flowly; for the 


part of the menſtruum which lies next round it, 

becoming ſpecifically heavier, ſinks to the bot - 
tom, preventing the acceſs of the diſengaged acid; 
by degrees, however, the acid penetrates; ſo that 


H a ſufficient quantity be added, it will at lengtii 
take up the whole of the magneſia, which is not 


the caſe with lime : an inteſtine motion of the li- 
quor accelerates all ſolutions; and hence it is that 
-acrated magneſia quickly vaniſhes ; for the acrial 


acid, being expelled by the ſtronger acid, breaks 


forth in innumerable bubbles, which agitate and 
- diſplace the ſeveral particles, fo that the acid is 


perpetually in contact with the magneſia: for the 
ſame reaſon calcined lime and terra ponderoſa are 


i diffolved more flowly than when they are acra- 
ted. 

Others contend that an is generated Goa 
clay, by means of vitriolic acid; and this I will 
readily grant to be the caſe, provided any one can 
ſhew a method by which pure clay can be thus 


changed; - conjectures and opinions ſhould _— 


pend upon or be formed by experiments, With 


vitriolie acid. they obtain from common clay the 


earth 
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earth of alum, which being afterwards mechani- 
cally and carefully mixed with, filiceous earth, a- 
gain regenerates common clay (s).. From what 
has been ſaid it appears, that magneſia is an carth 
diſtinct from all others, whether ſimple or com- 
pound we will not take upon us to decide; the 
ame is alſo true of lime: but as in all the experi- 
ments hitherto inſtituted they preſerve conſtant 
properties, and are never decompoſed, they ought 
to be reckoned among the ſimple bodies, until a 
faithful analyſis, confirmed by a proper ſyntheſis, 
reveal their origin. That man will certainly de- 
ſerve well of the ſcience of chymiſtry who ſhall 
ſhew, not by forged opinions, but by undoubted 
experiments (which, at all times and in all places, 
will ſtand the moſt rigorous teſt) that magneſia 
owes its 1 e to lime or het 


4 


4 xx. In what State ee a occurs We 2006 
Surface of the Earth. 


; e is leſs common than 8 primitive 
Wen, 3 or, to ſpeak more properly, it is ſo mixed 


(5) See Margraaf, vol. ii. p. 49. he concludes * this 

earth is neither calcareous nor aluminous; p. 10. and 11. 

| he ſays, © the objections of a certain chymiſt on this ſubject 

are ſo trifling, that to anſwer them would be loſs of time: 
I ſhall only ſay, that clay may be recompoſed juſt the ſame - 

as before, by putting together its conſtituent parts; where- 

fore no tranſmutation is produced by the vitriolic = nor 

any new ſubſtance produced during the operation. 
with 
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with ole litten that it can neither be imme 
diately diſtinguiſhed, nor often freed from hetero- 
geneous matters, without the help of acid mens 
ſtrua. - Magneſia, as well as clay, is an exceeding - 
fine light and ſpongy earth, and therefore the ve- 
ry pureſt of them, buried in the earth, muſt ne. 
ceſſarily be ſoon mixed with heterogeneous parti- 
cles. Magneſia, lime, terra ponderoſa, clay, and 
flint, if reduced to a fine powder, and ground to- 
gether, along with water, cannot afterwards be 
ſeparated from each other but by fit menſtrua. 
It would however be highly abſurd to deny that 
theſe ſubſtances are contained in their perfect ſtate 
in the mixture; and to affert, my ey 8 are 2855 8 
duced by the action of acids. 

All theſe (except the laſt, which refuſes to unite 
with ordinary acids) though diſſolved and precipi- 
tated 3o times, were yet found abſolutely unchan- 
ged: the only variety which occurred was with 
reſpect to the three firſt, which appeared cauſtic 
or mild, according as the precipitating alkali had 
been either aerated or pure: beſides, not one of 
theſe five earths could, by means” of any men- 
ſtruum hitherto tried, be actually tranſmuted into 
another; ſo that, conſiſtently with the rules of 
right reaſoning, we cannot deny the exiſtence of 
magneſia, although it is often ſo enveloped in he- 


terogeneous matter that it cannot be extricated  ' - 


without the help of acid menſtrua. In many bitter 


waters we find magneſia combined with vitriolic 
_ * 


=} 
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_ acid and the celebrated Monnet 0 lately diſco- 

vered a ſchiſt which, when roaſted and elixated, 

yields z true ſal amarus, ſuch as occurs in our alu- 
minous ſchiſt (t), though in ſmall quantity. 

At the ſilver mine of Salberg, upon the furface 
of the great maſſes which are annually. heaped up 
for the purpoſe of ſeparating the ore by waſhing, 
is found a cruſt which, when examined, is often 
found ta contain 65 lb. in the cwt, of ſal amarus; 
for the matrix conſiſts of calcareous earth, which, 
beſides ſiliceous atoms, contains magneſia ſome- 

times mixed; but there are alſo preſent grains of 
pyrites, which, by ſpontaneous calcination, . form 
with the calcareous carth gypſum, and with the 
magneſia ſal amarus. 

It is found united with a all ni- 
trous earth, and with marine acid in great quan- 
tity in ſalt ſprings, and in the water of the ocean; 
and it is this which occaſions the Gilagrecable bit- 
ter taſte. | 

- It is found in the very ſame ſtate in which we 
1 in the ſhops, in various mineral waters, as 
Pyrmont, Spa, and Seltzet, deſtitute of every a- 
cid except the aerial. Let me aſk, what acid it is 
that forms it in this caſe; as we {ce it can be ſepa- 
rated merely by evaporation ? | 

Mixed with certain clays, with lime, and filice- 7 

ous powder, it forms a ſingular variety of marl. 
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It is found in the terra lemnia, combined 


with clay, flint, and martial earth; it alſo en- 
ters into the compoſition of various ſtones ; 
with flint it is united in the ſleatite and ſerpenti- 
num; with flint and lime in aſbeſtos ; with flint 


and clay in mica.—It | is alſo hidden in calcareous 


ſtones which have been long buried in the ſea, 
cofiſiſting of impalpable particles; and i in ally 
others not yet ſufficiently examined. : 


Garnets alone never form entire mountains; D 
yet'we caimot from thence doubt of their exift- 


ctice.—Fhe fame 0 be wy of Pure antes” _— 
others. 
Therefore, although no one has Net ſeen thick 
ſrata, vr huge heaps of magneſia, yet it is form- 
ed in x perfect ſtate upon the furface of the earth 
and the chymical analyſis of earths and ſtones diſ- 
, covers it; partly mixed mechanically with other 
matters, partly diſſolved ; neither its quantity nor 
bulk can change the nature of the thing itſelf: 
were forced to give up ſuch tranſmutations, as not 


only being fallacious; and not founded upon ſuf- 


ficient experiments, but as contradicting each o- 
her: for ſome pretend that magneſia is produ- 
ced from lime, others from clay, a third from the 
earth of alum, and, what is obſervable, that this 
may be done by the vitriolic acid. But we are 
not enquiring what may poſſibly be done, being 
intent on diſcovering what plain Sete Jhew 
ta have been actually done. 
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$ XXI. The Uſer of Magna „Mn 


Magneſia has bitherto been only uſed in \ the 2. 
potherary' s ſhop; and it ads in a different way, 
according as it is crude, or calcined, or combined 
with an acid: when crude it deſtroys aciditics in 
the prime vis, but at the ſame time giving out 
its aerial acid, occaſions i in ſome perſons conſider- 
able inconveniencies (v). It accelerates the pu- 
trefaction of fleſh more than chalk, crabs claus, 
or the other teſtaceous powders; but retards that 
of the bile (u). | 

+ Half the doſe of calcined chaghebs equally . 
the bowels, and deſtroys acidity, and that with - 
out any inconvenience. It not only preſerves fleſh 
long, but in a ſingular manner reſtores, bile al- 
ready corrupted: taken in equal proportions, 
with camphor, opium, guaiacum, ſtorax, maſtic, : 
aſſafcetida, myrrh, ſcammony, and other gum- 


reſins or pure reſins, and triturated with water, 


it yields very uſeful tinctures; for upon filtration 


they appear clear and ſaturated, without any thing 


ll as calcined magneſia refuſes to diſſolve: 


Take Gnas ties et eee in e 
tre relinquit, ſi frequentiùs in uſum trahitur, primaquę re- 
gio, progignendis corroſivis ſuccis, ut in n hypochondriacis 


fer ſolet, expoſita eſt. 1 | 
(a) Henry on Magneſia, SYDODHD 00 T1679 


+ | 5 » | . p 4 2 2 * * 4 Fe 1 * 0 * mn *. * 8 * * aL * 
42 .* — KN ns 2 —_ "4 1 p 
> ESI SY er kg CODES | * 5 


v1 + &X%> ** — 
a * 2 EDT TR 


| > " 4 oF MAGNESIA . | 


bdaut theſe tinctures muſt be only made when N 


* . 


| wanted. | Fe 9 2 
„ Every one knows the cathartic uſe of vitriolated 
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* 1 » 


The uſe of magneſia i in rural economy muſt be 
left to the examination of manures. 8 
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Comparative View of the FRENCH and SW EN 


To be placed at the End of Vol. I. with the Plates. 
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